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AN .NTERESTING PRODUCER-GAS PLANT.* 
By Guanint 


Dr a recent trip to Paris, | visited the gas-gen- 
eratin nstallation of Messrs. Maystre & Ledoyen, at 


Putea (Seine). The accompanying photograph shows 
a goo iew of this plant, which, according to the 
house ziving full satisfaction. The apparatus which 
was illed by Messrs. Pierson & Co., Paris, con 
sists « “3-horse-power Crossley low-grade gas engine 
runn uo 180 R. P. M., and a Pierson suction gas 
producer of 25 horse-power capacity, working perfectly 
j with or-quality coal. A special feature of this 
; genera is that it Operates with an open furnace 
The apparatus consists of a boiler and a cylinder lined 
with refractory material and containing the fuel. The 
fire is easily made by means of a vertical rod, which 


is capable of piercing the crust of clinkers without 
deranging the fire. There is no grate, and the fuel 
rests upon a bank of cinders that forms upon a re 
fractory hearth. Thus not only are entrances of ail 
prevented, but the cleaning can be done without haste 


and the passages be kept constantly unobstructed. 
When the plant is run only in the daytime, it is 


charged but once, before starting the motor. What is 
particular! interesting in this new generator is that 


there is a methodical and automatic regulation of the 
volume « he steam aspired, according to the fluctu 
ations in the work of the motor, the aspiration always 
remaining the same. When running under a full load, 
the maximum amount of steam is allowed to enter, in 
order t event too great an elevation of the temper- 
ature of the furnace. Here the volume of water en- 
tering vaporization is not acted upon, since it is 
too Sma!! 'o admit of a proper regulation, and there 
fore the admission of the steam is regulated. 


Asids m the producer proper, the installation nat- 
urally « rises a condenser, a coke column with 
method} washing, and a drying purifier. The gas 
‘oming the generator enters the condenser, which 


sic . 
OMSisis of a cylinder surrounded with a double water- 


Jacket " this the cooled gas deposits a portion of 
its tar ang 

S tar | the coal dust falls into the base of the 
’pparatus whence it can be easily removed. The gas 
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afterward passes into the coke column, and enters the 
purifier previous to being aspired by the motor. The 
gas-supply pipe of the motor that runs from this coke 
coluapn has connected to it, through a short branch, a 
cylindrical chamber, and in the connecting branch is 
arranged a valve that opens under the effect of the 
motors suction, and closes again by its own weight 
Upon one side of the cylindrical chamber there is a 
diaphragm, which through a rod and lever actuates a 
steam valve. A small cock with graduated sector, and 
which can be set once for al! at the time of regulating 
the apparatus, permits of counterbalancing the vacuum 
in the evlindrical chamber according to the speed of 
the external air that is aspired at the moment at which 
a svetion of the motor brings about a depression. This 
same depression is established at the column, the 
diaphragm is drawn toward the interior of the eylin 
der, and, opening the steam valve, permits the steam 
to pass from the boiler to the cylinder, and to be as- 
pirated at the same time as the air under the furnace. 
The steam valve therefore permits of the passage of 


more or less steam, according to the extent of the 


vacuum in the column. This vacuum, moreover, is 
rapidly filled with air entering through the small 
cock. Thus the motor, through a special conduit, sucks 
vas through the first of the suction devices, and this 
suction corresponds to the introduction of a certain 
quantity of air and steam into the furnace. This 
brings about in the incandescent fuel the characteristic 
actions O + C = COand H.0+ C>2 + CO, which 
give the combustible gases that are to be ignited in the 
evlinder of the motor 

We here have a mechanical solution of the prob'em., 
and one that has the advantage of giving an absolute 
stability to the quality of the gas produced, and a 
regular operation of the motor supplied. 


MOTOR BOATS IN WARFARE. 


A NEWSPAPER states that the British Admiralty has 
accepted Mr. S. F. Edge’s offer of two of his Napier 
motor boats for use during the forthcoming naval and 
military maneuvers. Mr. Edge, in talking to a report- 
er of the Midland Gazette and Express, claimed that 
bis motor boats can easily travel 1,000 miles with an 
average speed of 22 miles an hour; and, enormous as 
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this radius of action is, he believes that a person wil! 
have to live only to a reasonable old age to be abl 
not only to cross the English Channel, as he does now 
by a motor boat, but the Atlantic as well. 

“As to the use of the motor boat in naval warfare,” 
Mr. Edge says, “the possibilities are enormous and the 
advantages supreme. Owing to the speed at which it 
travels—25 miles an hour can be kept up even now, 
which is the beginning of marine motoring——it is next 
to impossible to hit a motor boat with a big gun. The 
smoke from an enemy's gun, after a shot has been 
fired, can be seen, and in the interval before the pro 
jectile can reach the boat there would be time to stop 
it or to alter its course. The lightness of the boat and 
the consequent absence of momentum allows it to stop 
practically when the engine is stopped 

“In motion the boat is almost invisible It lies 
down in the trough of the waves, or in the track cut 
by itself as it progresses. Herein lies its great advan 
tage for scouting or going out to view the enemy, who 
can be seen without the knowledge that they have 
been watched. This is the point I wish to prove by 


lending my motor boats to the Admiralty. If they 
accept | shall go out in one myself 

“The motor boats offer the only means so far de- 
vised of attacking an enemy's submarines. Behind a 
motor boat a torpedo can be trailed, the submarine 
outside a port sighted and exploded, and a rapid re- 
turn made without giving the enemy a chance of re 
taliation. A motor boat, moreover, is practically im- 
mune from attack by a torpedo.” 

Mr. Edge’s motor boats have been constructed to 
carry from three to twelve persons, and not one is 
over 40 feet in length 

There is, however, another side of the motor-boat 
question. At the request of the editor of the Autocar, 
Mr. Fred T. ane, author of “All the World's Fighting 
Ships,” and an able critic of naval matters, wrote an 
article on “Motor Boats for Naval Purposes.” He was 
no doubt selected because he is an enthusiastic auto- 
mobilist. yet, as the following outline of his argument 
shows, he can offer no encouragement to the builder 
of the gasoline internal combustion engine: 

“First and foremost, petrol (gasoline) is not consid- 
ered a suitable thing to carry on shipboard, the dan- 
gers trom fire being too great for it to be used on 
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large ships. However safe a few cans of ‘motor spirit’ 
may be, transference from a ship to a boat would have 
to be by hose and makeshift methods, entailing ‘mix- 
ture’ round the ship. A motor boat which cannot be 
fed from a ship is useless, because its radius is too 
small, Petrol is undeniably dangerous in submarines. 
With them it is used only from absolute necessity. 
The authorities will not unbend in this matter. Even 
ordinary liquid fuel—heavy petroleum—has had set- 
backs from the ease with which it is accidentally 
fired, and nothing but its conspicuous advantages in 
assisting speed would have admitted it on shipboard 
at all. it will take more than the runs of a sportsman 
to convince the naval world that the motor boat is an 
excellent substitute for the ordinary steam launch, 
but there is probably a great deal more money in de- 
veloping steam. The steam launch is probably more 
suited for naval uses than the petrol boat. Little as 
we see of the steam car on the road it is still a thing 
of possibilities. 

“The steam motor boat, though not in evidence or 
boomed like the petrol boat, is very probably the com- 
ing craft. On-the water it will be but the development 
of existing means of locomotion. The present steam 
cutter or picket boats, running for perhaps six hours 
at 15 knots speed or less, are not ideal, have not suffi- 
olent radius, have minor breakdowns, yet tow other 
boats, do a lot of work, stand being hoisted in and out 
frequently in choppy seas, are let down rather heavily 
now and then on to their places on board without 
things coming loose, are badly strained in all sorts of 
ways, are continually tinkered in dockyards and looked 
after on shipboard by men who have to do double 
shifts at odd times when they can be spared. It be- 
gins to strike one that the motor boat, as we know it, 
has a good deal to do and a good way to go before it 
will do the work better. To be a racer one day and a 
haul-about the next is no light task. 

“The present types of carbureters will never deliver 
petrol properly in a heavy seaway. If a motor car be 
on a tilt there may be bother, and there are motor 
cars which fail on hills because the carbureter does 
not act beyond a certain angle. In a seaway in a motor 
boat it would be both all the time. The spray which 
will function properly under those conditions will be a 
very complicated concern indeed, for it will have to 
stand the equivalent of what for a shore-going car 
would be tumbling into a ditch some twelve times a 
minute. Electricity is, of course, out of court, because 
accumulators weigh too much. Paraffin and alcohol 
mean more complication, and complication is out of 
favor in high places at present 

“Next, the shape of the boats which have lately dis- 
ported themselves in the Solent is all wrong, except 
the Georges-Richard. The wave thrown up by the 
average boats renders them totally useless for war 
work. When torpedo craft attack at night it is almost 
always the white bow wave which gives them away 
to the watchful lookouts. The Frenchman alone seems 
to have had an inkling of that, supposing war work to 
have been in the minds of any of the Solent racers. 
Very possibly, of course, it was not; but whether it 
was or not, no boat with a big wave has a ghost of a 
chance of being of utility in war. 

“One virtue of the motor boat is supposed to lie in 
its silence, but silence is a moderate virtue. The ordi- 
mary destroyer or torpedo boat makes a good deal of 
noise, but it is rare, indeed, for one to have been de- 
tected on that account. There are so many noises on 
board a big ship—engines, auxiliary engines, dynamos, 
and so on—that a little extra noise in the far away is 
little likely to attract attention. Silence, therefore, is 
alone not likely to bring in the motor boat. 

“Finally, the naval mind, taught by long experience, 
is conservative, and the motor boat to be adopted must 
possess a very marked superiority over the ordinary 
steam one to stand any chance of adoption. 

“A word may be added about the proposal of some 
enthusiast that motor-boat volunteers should be raised 
for coast defense purposes, their boats being provided 
with torpedoes. Such a proposal is absolutely ridicu- 
lous and very dangerous to boot. Unless the British 
navy is hopelessly defeated coast defense will be little 
required; but the main danger lies in the fact that 
such boats, if they did succeed in torpedoing anything, 
would most probably sink our own ships. The torpedo 
is emphatically only a weapon to intrust to skilled 
regulars.” 

Perhaps I may be permitted to suggest—a point 
which Mr. Edge and Mr. Jane do not touch upon— 
that “skilled regulars” of an army might use a mos- 
quito fleet of motor boats to protect seacoast towns 
and harbors, and with our extensive seacoasts might 
be invaluable as well as, comparatively speaking, inex- 
pensive. The storage of gasoline on land and its trans- 
ference to the motor boat need not be dangerous, as in 
the case of ships. 

Since preparing the foregoing I find that there is 
some discrepancy in the account of the reception the 
Edge offer has had. One paper states that Mr. Edge of- 
fered the boats to the War Office and to the Admi- 
ralty; that the former accepted promptly and that the 
latter had not yet decided.—Marshal Halstead. 


The rebuilding of Baltimore, says Engineering 
Record, is taking place rapidly, although but a year 
has passed since the disastrous fire which swept 
over 155% acres of the city and destroyed 1,382 
buildings. The clearing of the wreckage is almost com- 
pleted, and 377 buildings are either finished or under 
eonstruction in the burned district. Part of the burned 
territory has been appropriated by the city, leaving 958 
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lots for private buildings. The 377 new.buildings cover 
lots on which there were 501 buildings before the fire, 
and their total declared valuation is more than $84,000 
over the assessments for taxation on the 958 buildings 
which were destroyed. 


INCANDESCENT LIGHTING BY MEANS OF ACE- 
TYLENE AND THE CARBURIZATION OF 
ACETYLENE.* 

Ir is practically rather difficult to obtain the exact 
mixture of air and of gas, that is to say, to give to the 
apertures for the escape of acetylene and admittance of 
air exact reciprocal dimensions; for the differences, 
though slight, in the size of the apertures, which can- 
not be avoided in manufacture, exert a considerable 
influence on the function of the burner. 

Burners in trade are subject to this defect in a 
very high degree; of burners coming from the same 
factory, some act perfectly well, the mantle being tra- 
versed under a pressure of 40 to 50 millimeters, while 
other burners can only be employed under a pressure 
exceeding 110 millimeters. This difficulty encountered 
in incandescent burners for acetylene constitutes a 
serious obstacle to their adoption. 

Another inconvenience arises from the construction 
of the burners. As I have already remarked, the 
proper action of the burners depends on obtaining in 
a tube of suitable diameter a determinate mixture of 
air and gas, which will not explode in the tube. 

In order to secure this mixture, the acetylene must 
escape from the aperture under a certain pressure, 
that is to say, with a certain speed. It is evident 
that the relative speed is only produced when the 
burner is lighted, that is to say, when the hot gases 
form a certain continuous current, and thus attain a 
normal speed. When this result has not been attained, 
as, for instance, at the moment of lighting, a mixture 
of air and gas is formed, which is explosive in conse- 
quence of the size of the opening of the burner, the 
gas exploding at that moment. 

The same thing occurs at the moment of extinction, 
the shutting off of the gas producing a perturbation 
in the composition, and forming an explosive mixture. 

The detonation which takes place at the times of 
lighting and extinguishing, and which it is difficult 
to avoid, exerts'a very unfavorable influence. These 
slight explosions cause a shaking of the mantle, which 
impairs its solidity, and in the mixing chamber small 
quantities of soot and tar are deposited, which fre- 
quently produce an obstruction of the apertures. 

Another trouble with burners at present employed 
for incandescent lighting with acetylene lies in the 
necessity, caused by the construction of the burner, of 
suspending the incandescent bodies laterally. On ac- 
count of this suspension metallic supports are required, 
which are easily bent under the action of heat, and 
in this way cause a deterioration of the incandescent 
bodies. This is the more to be regretted, as it is ap- 
parently inseparable from the system of the burners 
and therefore inevitable. 

I am convinced that sooner or later a system will 
be devised exempt from these inconveniences, which 
will be welcomed with the liveliest satisfaction; for 
incandescent lighting with acetylene constitutes an 
extremely important factor for the development of 
the acetylene industry. 

The experiments made with incandescent acetylene 
burners have demonstrated that present systems have 
already given excellent results. As can be seen, the 
average product is three and a half candles per liter 
and per hour under a pressure of 100 millimeters; be- 
sides, experiments in duration have demonstrated that 
the intensity in incandescent lighting abates but little 
in time. 

The maximum of lighting power is not obtained at 
the outset, but after a combustion of about twenty 
hours. The reason for this is that the present incan- 
descent mantles are not shaped in accordance with the 
flame; only while burning are they dilated, and thus 
develop the maximum of intensity. 

ADVANTAGES OF PURIFIED ACETYLENE. 

The experiments in duration have likewise demon- 
strated the considerable value of the proper purification 
of acetylene. 

When it is not purified, or when it is imperfectly 
purified, spots are formed on the surface of the in- 
candescent bodies after a short time, sometimes in two 
or three hours, which are soon converted into holes. 
The impurities, especially phosphorus, form with the 
matter of the incandescent bodies easily fusible com- 
pounds, causing an immediate deterioration of the 
incandescent bodies. With well-purified acetylene this 
doeS not happen, and the incandescent bodies are main- 
tained in a perfect state of preservation. 

The economical value of incandescent lighting with 
acetylene is indicated in Tables I. and II., which show 
by comparison the cost of a burner of 30 candle power. 
These have been arranged after the well-known plan 
of Herzfeld and Fréhlich, the present price of carbide 
having been taken into account, and that of all the 
other lighting agents, such as water gas, aerified gas, 
the Nernst lamp, etc. 

It can be seen from the comparative table that in- 
ecandescent lighting with acetylene holds the first place 
among lighting agents. It has at the same expense 
the advantage of incandescent lighting with carbur- 
ized water gas, compressed water gas, and simple 
water gas, and of being economically consumed in a 


* Condensed from the French of Dr. N. Caro, in the Revue Generale de 
Chimie Pure et Appliquée. 


January 28, 1905. 


burner of small size, as for instance, a burner of eigh: 
liters, which gives an excellent diffusion of light. 

Considering that for all the modes of incandesceni 
lighting, the expense of mantles, glasses, etc., is th: 
same, this has not been taken account of here. 

Incandescent lighting with acetylene has not uttered 
its last word. Independently of the fact that a larg: 
consumption allows of obtaining more than five candle 
power per liter, it is evident, in regard to lightin; 
with acetylene, that under the same tests as coal-gas 
excellent results will surely be attained. 

The modern incandescent lighting with gas rests on 
the principle, that in the flame of the non-lighting 
gas a solid body is introduced, which is brought to 
incandescence by the heat of the flame, and emits in 
this state luminous rays. These rays are due first oi! 
all to the very nature of this body, as well as to th: 
heat which the flame disengages. The heat is pro 
duced by the natural temperature of the gas-flame 
increased artificially by the addition of substances 
which stimulate the combustion of gas on the surface. 
Cerium oxide is generally employed for this purpose 


TABLE I. 
Cost of Original Materials in Francs and Centimes. 
1 cubic meter of lighting gas .......... about 0.19 
1 kilogramme of carbide (180 to 300 liters)...... 0.25 
1 cubic meter of acetylene...................... 1.0 
1 cubic meter of acetylene (municipal works).. 1.85 
1 cubic meter of oil-gas and acetylene (in pro- 
1 cubic meter of oil-gas and compressed acetylene 0.82 
1 cubic meter of compressed oil-gas ............ 0.50 
1 cubic meter of water-gas .................... 0.12 
1 cubic meter of aerified gas .................. 0.58 
1 cubie meter of carburized acetylene .......... 0.95 
TABLE II. 
Cost per 
Consumption per 30 can- 
Mode of lighting, candle and dies in 
per hour, centimes. 
Incandescent lighting with 
0.30 liter about 0.90 
Incandescence with carbu- 
rized water-gas ........ " 2.00 0.90 
Compressed water-gas_ ...1.01. + 0.50 water 0.90 
Incandescent lighting with 
2.50 1. 0.93 
Incandescent lighting with 
Incandescent lighting with 
0.00125 er. 0.95 
Incandescent lighting with 
carburized acetylene .. 0.35 1. 0.96 to 0.97 
Incandes’t lighting with gas 2.00 1.12 
Incandescent lighting with 
0.77 1.3 
Incandescent lighting with 
acetylene (munic. w.) .. 0.30 1.68 
Mixed gas (acet. and oil-gas) 1.30 1.82 
1.1 watts 2.72 
Acetylene (municipal wks.) 0.75 4.20 
Acetylene and compressed 
1.80 1. 4.76 
Carburized water-gas ...... 15.00 5.62 
Lighting gas (round burner) 10.00 5.62 
Lighting gas (butterfly bnr) 11.5 6.45 
Compressed oil-gas ........ 4.55 6.82 
Elec. light by incandescence 3.1 watts 7.03 


The temperature of the acetylene light is very high. 
The ordinary light has a temperature of 1,650 deg. C. 
(table III.); a mixture of 7.4 per cent of acetylene 
and air has a temperature of 2,420 deg.: a mixture of 
12.9 per cent of acetylene and air, 2,260 deg.; and a 
mixture of 17.37 per cent of acetylene and air, 2,100 
deg. 


TABLE 
Giving in Centigrade Degrees Various Temperatures of 
Light. 
Burner of the General Comp. A.C.A.G. (10 p.¢.) 1630 
Burner Hera-Prometheus (12 p. ¢.)............ 1720 


In regard to the temperature of the natural flame, it 
is in favor of acetylene, but it is not yet definitely (e- 
termined how this temperature is artificially increas: ( 
by the combustion of the incandescent bodies. How- 
ever, several experiments have demonstrated to my 
satisfaction that the mixtures of oxides usually er- 
ployed for the preparation of mantles designed for ‘ 
eandescent lighting with gas (about 97 per cent of 
thorium oxide with 1 per cent of cerium oxide) do not 
give the best results with acetylene, and that it wou'd 
be desirable to add some other oxides. 

As I have stated, the question of incandescent lig! 
ing with acetylene has not yet been settled definite 
However, I obtained, under a pressure of 110 millir.e- 
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ters ©.50 candles per liter and per hour, and I do not 
cons or that this constitutes the maximum output, 
and at five candles per liter and per hour may be 
pro: od. 
CARBURIZED ACETYLENE. 

A continuation of the subject of incandescent light- 
ing h acetylene, I will describe a new application of 
the ; -atest importance, as it renders possible the mas- 


tery .: the serious difficulties which still constitute an 
obst:. e to the development of the acetylene industry. 

I : .er to carburized acetylene. According to a pro- 
cess utented by Heil, of Frankfort on the Main, the 
acet) .ne, before -use, is saturated with the vapors of 
petr...um, benzine, benzene, alcohol, etc. 


It 1..ust be remarked that my experiments have been 
cond ted with gas obtained by the carburization of 
acety ne by means of benzine, and that my views are 
base i on the employment of this gas. 

Th treatment of acetylene in a carbureter of simple 
construction furnishes, according to the degree of 
pressure, gaseous mixtures of the following composi- 
tion 

1. One hundred liters of acetylene, absorbing on an 
averace 125 grammes of benzine, produce 150 liters of 
gaseous mixture, 

2. One hundred liters of acetylene, absorbing on an 
averaze 250 grammes of benzine, produce 200 liters of 
gaseous mixture, 

Gas No. 1 is composed of 66.6 per cent of acetylene 
and 33.4 per cent of benzine vapor; gas No. 2 is com- 
posed of 50 per cent of acetylene and 50 per cent of 
benzine vapor. With these gases a series of experi- 
ments were undertaken, of which the following are the 
results: 

1. The limits of the explosion of these gases were 
first determined according to the method proposed by 
Kubierschky for explosive mixtures, and values found 
as given in Table IV. Carburized acetylene appears by 
the experiments as more desirable than other modes of 
lighting by explosive gaseous mixtures. 

2. The heating power of carburized acetylene has 
been determined by means of the Junker calorimeter 
as 16,610 calories for gas No. 1 and 18,640 calories for 
gas No. 2. 


TABLE IV. 
Limit of Explosion of Various Gaseous Mixtures. 
Nature of mixtures. Lowest. Highest. 
Carburized acetylene I .............. 5.4 10.2 
Carburized acetylene II.............. 4.8 9.2 


TABLE V. 
Calorific Power of Various Gases and Vapors per Cubic 
Meter in Calories for Comparison. 


As can be seen, carburized acetylene possesses a heat 
of combustion equal to three times and a half that of 
lighting gas, and 30 per cent superior to that of acety- 
lene. 

3. The temperature of ignition of carburized acety- 
lene No. 2 has been estimated at 582 deg. C.; the tem- 
perature of ignition of acetylene is 480 deg. and that of 
lighting gas about 600 deg. 

4. It has not been possible to determine exactly the 
rapidity of ignition of a mixture of carburized acety- 
lene and air; this rapidity has been estimated by ob- 
serving it in a tube about ten meters in length. This 
Speed requires approximately, with a mixture of 8 per 
cent carburized acetylene No. 2 and 92 per cent of air, 
3.8 meters per second; that is to say, this speed equals 
three-quarters of the speed of pure acetylene, deter- 
mined by Prof. Le Chatelier as being 0.18 meter per 
second for a mixture of 2.9 per cent of gas and air, 5 
meters for a mixture of 8 per cent of acetylene and air, 
and 10 meters for a mixture of 10 per cent of acetylene 
and air. 

5. The temperature of an ordinary carburized acety- 
lene flame No. 2 has been estimated at 1,600 deg. C., 
and that of a non-illuminating flame in the Bunsen 
burner at 1,650 deg. However, it must be remarked 
that the quantity of air employed in this case has not 
been measured. 

6. The measurement of lighting power of the carbu- 
rized acetylene flame gives per candle-hour a flow of 
0.80 liter to 1 liter in a simple burner of 10 liters, and 
a flow of 0.34 liter to 0.36 liter, in an incandescent 
burner 

7. Protracted experiments have been made for deter- 
mining the manner in which carburized acetylene be- 
haves while cooling. These experiments had really a 
double purpose; first, to ascertain the quantity of ben- 
zin€é vapor separated on cooling, and afterward the 
nature of the resultant gas; that is, the photometric 
and calorific properties which the cooled gas possesses. 

The experiments were effected in the following man- 
her: The acetylene issuing from a generator was made 
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to pass through a purifying apparatus, then through a 
first test counter, a carbureter, a second test counter, 
and a condenser. This last apparatus was composed 
of a glass serpentine of about twenty coils placed in a 
condensing vessel. The lower extremity of the serpen- 
tine opened into a bellied tube for condensation having 
double tubulure placed in an open glass and cooled at 
the same temperature. The benzine which became sep- 
arated was deposited in this glass, while the gas was 
drawn to the burner of the calorimeter. 

The first counter indicated the liters of acetylene con- 
sumed, and the second counter the liters of gaseous 
mixtures, the difference in the weight of the carbureter, 
the grammes of benzine employed, the difference in 
the weight of the condensing tube, the grammes of 
benzine separated. The volume of the gas obtained 
after separation from benzine was calculated according 
to the quantity of benzine separated. The speed of the 
gaseous current was from fifteen to twenty liters per 
hour under a pressure of 100 millimeters. The con- 
denser was not employed after the first experiment. 
An average of six tests gave the following results: 

a. The acetylene employed yielded per liter 12,962 
calories; in a burner with an open flame and a flow of 
10 liters, 1.33 candles, and in the incandescent burner, 
3.72 candles per liter per hour. 

b. Ten liters of acetylene absorbed at 20 deg. C. 26.55 
grammes of benzine, having a specific weight of 0.6724, 
and gave 21.6 liters of gaseous mixture. This gaseous 
mixture yielded with the incandescent burner 3 candles, 
with the burner of 10 liters with an open flame 1 candle 
per liter and per hour, and in the calorimeter 10,236 
calories per liter. 

c. Twelve liters of this gas were refrigerated at 
zero, which caused a separation of 6.81 grammes of 
henzine, corresponding to 46.6 per cent. 

The gas gave after cooling, per liter of gas originally 
employed 13,400 calories, which, taking into account 
the diminution of volume, amounts to 7,866 calories for 
a liter of refrigerated gas. 

The photometric measuring of the refrigerated gas 
gave in the burner with the open flame 1.11 candles, 
and in the incandescent burner 3.10 candles per liter 
and per hour. 

d. Thirteen and three-tenths liters of this gas were 
cooled to 12 deg. C. below zero; the quantity of benzine 
separated amounted to 13.7 grammes, which corresponds 
to 83.32 per cent. The gas gave for each liter employed 
originally 9,070, which corresponds to 16,436 calories 
per liter of refrigerated gas, for the volume of the 
latter was estimated at 7.35 liters. The photometric 
effect of the gas obtained after cooling equaled in the 
open flame burner 1.21 candles, and in the incandescent 
burner 3.16 candles, per liter and per hour. 

These experiments demonstrate that an appreciable 
separation of the absorbed benzine results from the 
cooling of the carburized acetylene. However, the gas 
obtained after cooling exhibited, with respect to its 
calorimetric effect, not a lessening, but on the con- 
trary a photometric improvement. 

Afterward, researches were made as to the manner 
in which carburized acetylene would behave at a low 
temperature. For this purpose the carbureter was sur- 
rounded with melting ice, and the following results 
were obtained: 10 liters of acetylene absorbed 12.1 
grammes of benzine, and then produced 15.3 liters of 
gaseous mixture; the gas obtained, which was then 
composed of 6.49 liters of acetylene and 7.85 grammes 
of benzine, gave in the calorimeter 15,789 calories per 
liter. The carburization at zero yields, therefore, a 
gas containing less benzine than a carburized gas at an 
elevated temperature and afterward cooled. 

The lowering of the temperature of carburization 
causes a diminution of the calorimetric effect. As it is 
known that the separation of the benzine absorbed and 
the depreciation of the quality of the gas which takes 
place in consequence of it, in the thermic as well as 
photometric respect, constitute the principal defect of 
carburized air, it appeared to me desirable to compare 
the last mentioned gas with carburized acetylene. Ex- 
periments on carburized air have been made identical 
with those on acetylene, with this difference, that in- 
stead of acetylene, it was air which was accumulated 
in the gasometer and sent into the carbureter under a 
pressure of 100 millimeters. On an average the follow- 
ing results were obtained: . 

a. Ten liters of air absorbed at 20 deg. C. 24.1 
grammes of benzine and produced 20 liters of carbu- 
rized air. This gas yielded 12,730 calories, which gave 
in the open flame burner 0.128 candle, and in the in- 
candescent burner 1.3 candles per liter and per hour. 

I present a few figures: 

b. Twenty-three and three-tenths liters of this gas 
were cooled at zero and separated 11.4 grammes of ben- 
zine, or 40.4 per cent. The gas obtained after cooling 
gave 9,140 calories per liter and per hour, or 0.5 candle 
in the incandescent burner and 1 candle in the open 
flame burner. 

c. By cooling at 12 deg. below zero 20 liters of 
this carburized gas, it separated 16.2 grammes of ben- 
zine, or 67 per cent; the gas obtained gave in the 
Junker calorimeter 5,180 calories per liter and per hour, 
or 0.24 candle in the incandescent burner, and in the 
open flame burner 0.06 per liter and per hour. 

Practically, carburized air seldom yields more than 
6 calories, and under this condition the above men- 
tioned figures would require considerable modification, 
which would not be in favor of carburized air. 

According to these experiments, the separation of ben- 
zine seems to be greater with carburized acetylene than 
with carburized air. However, this result is only ob- 
tained when, on cooling, the pipe is placed vertically, 
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so that the products of condensation can escape, and the 
pipe and the vessel for condensation are subjected to 
a uniform refrigeration. If, however, the experiments 
are made in a manner more in accord with the usual 
practice, by simply cooling a part of the horizontal pipe, 
so that the products of condensation which might have 
accumulated, can serve again for the carburization, 
other figures are obtained. 

Gas composed of 58.3 per cent of acetylene and 41.7 
per cent of benzine vapor abandons while cooling at 10 
deg. C., 6.0 per cent; at 8 deg., 7.6 per cent; at 5 deg., 
9.2 per cent; at 3 deg., 16.8 per cent; and at zero, 24.3 
per cent of benzine. 

Carburized air containing 43.6 per cent of the same 
benzine vapor abandons while cooling at 10 deg. C., 
18.6 per cent; at zero, 76.9 per cent of the benzine 
which it contained. 

It would consequently seem as though friction acted 
an important part in decarburization, which has also 
been demonstrated by a second experiment. 

8. It has been ascertained that the composition of 
carburized acetylene is only slightly changed in conse- 
quence of the friction against the walls of the conduit; 
during a course of 25 meters through a pipe a quarter 
of an inch in diameter and under a pressure of 60 
millimeters the separation amounted only to 0.62 per 
cent. The separation with the carburized air was 5.85 
per cent. 

It has been demonstrated that the most prominent 
properties of carburized acetylene consist in its slight 
explosive power and in its great heat of combustion; 
these two qualities exhibit well the advantage which 
may be gained by utilizing this gas for incandescent 
lighting, heating and for motive power. 

Employed for incandescent lighting, it presents over 
pure acetylene the advantage of the absolute impossi- 
bility of the flame being turned back. Not only ordi- 
nary incandescent burners may be used, admitting air 
abundantly, but the flame may be lowered completely, 
assuring combustion under low or high pressure, and 
avoiding all explosion or detonation, as well on lighting 
as on extinguishment, or on diminishing the pressure. 
As, in consequence of the elevated temperature of com- 
bustion, the photometric effect is excellent, the employ- 
ment of carburized acetylene presents in regard to con- 
venience an immense advantage over the ordinary in- 
‘candescent acetylene light. The extraordinarily low 
explosive force of carburized acetylene ~akes it possi- 
ble to employ this gas in small as well as in large 
burners, even in those which are in present use for 
coal-gas. 

The low explosive force of carburized acetylene pre- 
sents considerable advantage in the use of this gas for 
heating. 

CARBURIZED ACETYLENE EMPLOYED FOR HEATING AND FOR 
MOTIVE FORCE. 

Ordinary coal-gas stoves which give a blue flame may 
be employed without undergoing much modification. 
The flame may be turned down as low as it appears de- 
sirable in an apparatus of this kind. The detonation 
produced with acetylene stoves and the cloud of soot 
which is dreaded are done away with. The great calor- 
ific power of carburized acetylene must also be taken 
into account (which is 30 per cent greater than that of 
ordinary acetylene) and the elevated temperature pos- 
sessed by its flame. 

Carburised acetylene is especially fitted for being 
employed for motive power; it is well known that a 
gas employed for this purpose ought to have the de- 
sired qualities with reference to its temperature ot 
ignition, heat of combustion and rapidity of explosion 

Gases possessing these qualities are certainly the 
most appropriate for being utilized in gas-motors for 
the following reasons: 

The yield of a motor is the greater, the higher the 
degree of compression to which the mixture of gas and 
air is subjected before lighting. In the working of a 
motor, the compression can only be pushed to a certain 
limit, for the compression originates heat, and gases 
capable of ignition at a low temperature are ignited 
before the desired degree of compression is attained. 
The higher the fgnition temperature, the greater the 
compressibility, and the more effective the motive 
power. 

Of course, the heat of combustion increases the force 
of a motor operated with explosions, just as great 
rapidity of the propagation of explosions favors this 
effect. As already stated, these factors are very favor- 
able with carburized acetylene. 

Its temperature of ignition is about 150 deg. C., 
higher than that of.acetylene; the heat of combustion 
is 30 per cent higher than that of acetylene, and the 
rapidity of explosions is but slightly less. The temper- 
ature of combustion, or rather the temperature of the 
flame, is less elevated, therefore requiring less water 
for refrigeration. 

It must be remarked that in the course of experi- 
ments on compression with carburized acetylene no 
deposit of benzine was discovered, for after compres- 
sion this gas shows the same composition as before, 
which is not the case with carburized air. 

The figures obtained with carburized acetylene gas 
exhibit well its economic value. Taking the cost of a 
cubic meter of acetylene as one franc, and the cost of. 
a kilogramme of benzine as thirty-seven and a half 
centimes, a cubic meter of carburized acetylene No. 1 
costs about 1.10 franc and a cubic meter of gas No. 2, 
0.95 franc. 

As is shown in Table II., the cost of an incandescent 
burner of 30 candle power is per hour about 0.09 franc, 
and 1,000 calories (Table V.) cost 0.052 to 0.059 france. 
Comparisons of the expense of heating by means of 
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other illuminating gases are likewise seen in Table VI. 
tor motive force a consumption of gas costs about 0.15 
frane with carburized acetylene, about 0.23 france with 
acetylene, and 0.11 frane with lighting gas, counting the 
cuble meter of acetylene at 1.05 frane and the cubic 
meter of lighting gas at 0.20 franc. 

But the foree of the motor with carburized acetylene 
is much higher than that of a motor with ordinary 
gus or that of a motor with pure acetylene, as the 
pressure can be much greater, A well-constructed mo- 
tor with carburized acetylene is more economical than 
any other motor trom the great simplicity of its or- 
gans 

In regard to economy, carburized acetylene offers for 
lighting the same advantages as pure acetylene; for 
heating and motive force it is greatly superior. 

TABLE VI 
Cost of 1,000 Calories 
France (about) 


Carburized acetylene ......... es 0.05 
Acetylene 0.08 
Acetylene (central works) 0.15 


In all its applications carburized acetylene may enter 
into competition with ordinary lighting gas. 

Compared with pure acetylene, carburized acetylene 
presents the advantage of being less explosive, especial- 
ly when it is only slightly carburized, without consider- 
ing that this gas does not yield liquid as strongly car- 
burized gas does. when the temperature is lowered. 

The arrangement of a simple carbureter fixed to any 
furnace whatever or to a motor makes it possible to 
convert this slightly carburized gas, when desired, into 
strongly carburized gas 

It is to be hoped that the difficulties which still pre- 
vent the adoption of incandescent lighting with acety- 
lene and the employment of carburized acetylene may 
he soon overcome, for there is a vast field for the de- 
velopment of this industry 

[Continued from ScrrLement No, 1515, page 24274.) 
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FIFTH PAPER 
THE VELOCITY OF ELECTROLYTIC CONDUCTION, 
Kaperiments with a High-Speed Special Chronograph 
Capable of Dividing a Second Into a Million Parts. 
Absolute Velocity of lons 
Iv will be recalled that in the preceding chapter ions 
were made to travel by induction. In the experiment 
with the electrical machine, the two vessels connected 
vy means of the wet string, and the capillary, the elec- 
trostatic charging of the electrolyte took place at once. 
In other words, as soon as the electrical machine was 
made their sudden 
Now, 


started, bubbles of hydrogen gas 
and immediate appearance within the capillary. 
fact, the bubbles of gas would make 
whether this wet string 
conductor was long or The electrical conduc 
tion would be instantaneous, and yet we will learn 
w little later in the present chapter, under the heading 
“Absolute Velocities of the lons,” that the ions them 
selves move very slowly, and have different velocities 
account, therefore, for the instantaneous 
electrolyte, when the ions which 
them move very slowly, 
and have their respective velocities? We can only 
account for the facts in such an experiment by at- 
tributing the instantaneous conduction to be due to 
free ions already about the electrodes, Fig 
| represents an experiment of Prof. Ostwald’s to show 
the instantaneous electrical conduction through elec- 
Here we have a glass tube about 50 centi 
meters long and 1 centimeter in diameter bent at 
right angles at the ends and enlarged into cylindrical 
terminals as shown At the left we have a stick of 
chemically-pure zine supported in position by a cork 
At the right we have a bent-tube manometer contain- 
ing a little colored water, supported by a good tight 
cork also. At the bend on the right a platinum wire 
is fused in place to act as the other terminal or elec 
trode. The tube is filled with dilute sulphuric acid. 
Upon connecting this piece of apparatus with a bat- 
tery, motor-generator, or lamp bank as described in 
the first chapter, making the zine the anode, and the 
wire the cathode, bubbles of hydrogen ap- 
pear instantly upon the platinum wire, and a _ pres- 
sure is indicated upon the water gage. The instan 
taneous appearance of bubbles of hydrogen with the 
closing of the contact key in series with the source of 
electricity, goes to prove the presence of free ions al- 
ready about the electrodes. These free ions merely 
vive up their charges and escape upon completing the 
circuit. Now, if it was necessary for the electric cur- 
rent to first decompose or break up the molecule of sul- 
phurie acid, then the two atoms of hydrogen replaced 
by the zine in the SO, radical must have traveled to 
the platinum-wire cathode through the tube, which is 
50 centimeters long Now there are experiments, as 
we shall see at the close of this chapter, to deter- 
mine the absolute velocities of ions, and measurements 
upon the velocity of the hydrogen ion show that it 
would require a long time for hydrogen ions to travel 
through a tube 50 centimeters long. Now, hydrogen 
appears at once upon closing the circuit, and we must 
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attribute the immediate response or conductivity of 
the solution to free ions already around the electrodes 
in readiness to discharge their electricity. Although 
this experiment of Prof. Ostwald is one of great in- 
terest, it struck the present writer as being very crude 
and rough,.and capable of great improvement. It does 
not answer many vital questions. For example, do 
all electrolytes conduct with the same velocity? In 
other words, will an electrolyte consisting of heavy 
ions respond, or conduct, as quickly as an electrolyte 
consisting of light ions? Will all electrolytes con 


Fig. 1.—Prof. Ostwald’s Experiment to Show Instantaneous Electrical 
Conduction Through ao Electrolyte, 


duct as quickly as a metallic conductor? This ap- 
peared to be neglected as a piece of research work; 
and with a view of comparing different electrolytes 
with each other both in solution and in igneous fu- 
sion, and in comparing electrolytes with metallic con- 
ductors, the special high-speed chronograph was de- 
signed and built as illustrated in the following draw- 
ings. Through the agency of this chronograph a dy- 
namo current was compared with the current from a 
set of accumulators, and light thrown upon such ques- 
tions as mechanical movement of ions of different 
weights, involving the question of inertia. Let us 
first compare electrolytic conduction in an electrolyte 
with metallic conduction, for if the two act in the same 
time, the evidence in favor of free ions is conclu- 
sive. Fig. 2 outlines in diagram the chronograph cyl- 
inder and the electrolyte and wire respectively. Here 
A represents the electrolyte in the glass tube, and B 
the parallel metallic conductor. C is a rheostat in se- 
ries with the metallic conductor to bring the same 
io an equal ohmic resistance with the electrolyte. D 
represents a delicate ammeter in series with the elec- 
troiyte and the electro-magnet FE of the chronograph. 
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Fig. 2.—Diagram of Author's Method of Studying Time Required for 
Flectric Currents to Traverse Electrolytes, and to Compare the ‘Hime with 
that Required by Metallic Conductors, A. Electrolyte. B, Parallel Wire. 
(. Rheostat for Balancing Resistance of Wire to that of Electrolyte. D. 
Mill-Ammeter in Series with Electrolyte and Magnet E. At F the Mill- 
Ammeter is Shown Shifted in Series with Wire ond Magnet G. H. Double 
Switch for Closing Both Circuits Simultaneously. 


F represents in dotted lines the same ammeter shifted 
in series with the metallic conductor and the electro- 
magnet G of the same chronograph. UH illustrates a 
double switch for simultaneously closing both circuits 
after the resistances of the two have been balanced, 
or made carefully equal to each other. By revolving 
the chronograph cylinder and closing the switch, the 
two electro-magnets will strike the paper band upon 
the chronograph cylinder, and draw records by means 
of soft lead-pencil points. The chronograph and mag- 
nets must first be most carefully calibrated by con- 
necting the magnets in series with each other, on one 
and the same circuit, thereby supplying a common cur- 
rent of electricity, and adjusting their springs and 
striking distances until a current of common value 
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will cause both magnets to strike upon the rapidly- 
revolving cylinder at the same instant. This can 
most easily be seen by the pencil records. When by 
careful experiment and adjustment the two electro- 
magnets strike “abreast upon the flying cylinder, 
which is driven by a high-speed electric motor, the 
series connection is changed, and each electro-magnet 
is placed separately in circuit with electrolyte and 
wire respectively, previously made of equal ohmic 
resistance. The lines upon the cylinder in this draw- 
ing illustrate the appearance of the pencil record 
when the cylinder is driven at moderately high speeds. 
A photograph of such a chronograph is given in Fig. 
3, where an electric motor is directly connected by 
means of a flexible coupling to reduce vibration. It 


Fig. 3.—Photograph of Simple Drum High-Speed Chronograph Direct 
Connected to Electric Motor. 


was soon found, however, with such a simple chrono- 
graph cylinder, when driven at very high speeds, that 
the pencil records were drawn all the way around, and 
it was impossible to see where the contacts were first 
made. It became necessary to expand the chronograph 
by driving a long band of paper. .Fig. 4 and 5 will 
make the plan clear. In Fig. 4 the end of the chrono- 
graph cylinder is again shown, with its electric driv- 
ing motor at the right, and with a heavy balance 
wheel to steady its rapid motion at the left. A revo- 
lution counter is also depicted at the extreme left, 
pressed against the shaft of the chronograph cylinder 
This revolution counter was afterward moved to the 
shaft of the pulley at the far end of the band, as being 
a fairer place, for in case there was a slight creeping 
of the band upon the chronograph cylinder, there 
would be no error introduced from this cause. Fig. 5 
illustrates a side view of this special form of band 
chronograph, showing its band and supporting drum- 
wheel at the far end of the work table over which it 
runs. The arrangement of the marking pencils and 
electro-magnets is made clear in this illustration. 
Upon the work bench or table are the electrolyte and 
wire respectively, together with the picture of a cell 
or storage battery and a special form of U-tube used 
for various conduction experiments with electrolytes. 
This particular chronograph revolves at the rate of 
two thousand revolutions per minute, and it will be 
seen that the slightest “lag” in conductivity in either 
circuit, when the two are closed simultaneously by a 
proper key, will be shown accurately and quantitatively 
upon the moving band. With this arrangement, as 
will be seen from the following mathematical exposi- 
tion, a second may be divided into one hundred thou- 


Fig. 4.— Rear ‘View of Electro-Chronograph Provided with Ek ctri 
Motor, Balance Wheel and Revolution Counter. This Instrumert is a 
Modification of that shown in Fig. 3, as it Drives a Long Band of Paper for 
Receiving Record, 


sand parts; and by higher speeds the second may be 
laid off and divided into a million parts, dependent 
upon the behaviors of the various conductors experi- 
mented with. The diameter of the chronograph cy- 
linder being 15 centimeters, we can take this as a 
basis upon which to start the calculation. 
3.14159 
15 cm. diameter 


1570795 
314159 


47.12385 cm. circumference 
With 2,000 revolutions per minute, we have 47.12385 
2.000 = 94247.70 centimeters per minute. The space 
traveled during one second is therefore 
60) 94247.70 (1504.1283 em. 

In 1/10 second we have 150.41283 cm. 

In 1/100 second we have 15.041283 cm. 

In 1/1,000 second we have 1.5041283 em. 

In 1/10,000 second we have .15041283 em. 


Working with a chronograph of still higher spe« 
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1: cylinder being driven by a two-horse-power motor 
| ted up for speed, the scale upon the flying band 
vos of course still more open, and allows of determina- 
ti nus to be made to 1/100,000 and even 1/1,000,000 of a 
ond. A tabulated length of spaces upon this high- 
s ed band is as follows up to hundred-thousandths 
© a second. The figures are as follows: 
( circumference. Rev. per min. Cm. traveled. 
47.12385 x 10,000 = 471238.5 cm. per min. 
60) 471238.5(7853.97500 em. per second. 
In 1/10 second we have 785.397500 cm. 
In 1/100 second we have 78.5397500 cm. 
In 1/1,000 second we have 7.85397500 
In 1/10,000 second we have .785397500 
In 1/100,000 second we have .0785397500 
For higher speeds still and correspondingly 
miuute subdivisions of the second, 


more 
a chronograph 


was reached, as counted by the revolution counter 
upon the druwm-wheel shaft, the key was closed three 
times in rapid succession, and the chronograph stopped. 
Three records had been made. At first it was found 
that the electro-magnet in series with the electrolyte 
struck a trifle in advance of the electro-magnet in 
series with the wire, the marking on the band lead- 
ing by 0.75 centimeter in- 
dicating that the conduc- 
tivity through the electro- 
lyte was ahead by 1/10,000 
of a second. What was 
this due to? Although the 
two resistances were bal- 
anced as carefully as pos- 
sible, the leading of the 
electrolyte was undoubted- 


Fig, 5.—Side View of Electro-Chronograph Cable for Dividing a Second into Fifty Thou- 


sand Parts in Connection with an Electrolyte for Studying the Velocity of Electrolytuc 
Conduction, The Paper Record Band is Shown Passing Over the Loose Drum-Wheei at the 


Extreme Right. 


rigged like that shown in Fig. 6 was experimented with. 
Here we have an electrolyte 50 feet long in the glass 
tube arranged like a steam radiator, and the chrono- 
graph cylinder driven at enormous speed by the mul- 
tiplying system of belting to the countershaft, etc. 
The telephone receiver, cell of battery, induction coil, 
and resistance set depicted here were employed to bal- 
ance the resistances with, instead of the ammeter 
employed in the slower-speed design of instrument. 
The method of measuring resistances by means of the 
telephone and induction coil is known as Kohlrausch’s 
method, and consists of the simple Wheatstone bridge 
arrangement with a telephone receiver in the place of 
a galvanometer, and the alternating current from the 
secondary of a small induction coil, instead of a simple 
battery of cells. With this arrangement the alter- 
nating current produces a humming sound in the tele- 
phone when the bridge is out of balance. The alter- 
nating current in addition does not decompose the 
electrolyte, and allows of conductivity determinations 
being made with great accuracy. Having described 
the apparatus, some of the results will now be given. 
The first experiments were made with an electrolyte 
consisting of dilute sulphuric acid, in the proportion 
of 10 cubic centimeters of H.SO, specific gravity 
1.84664 in 40 cubic centimeters of distilled water, and 
a wire of German silver made equal in resistance by 
means of a rheostat of the non-inductive type. This 
is an important point to observe in determining all 
resistances where only a momentary current is to be 
dealt with. For a dissertation upon the subject of non- 
inductive resistances, the student must be referred to 
any standard work on physics dealing with electrical 
measurements. The present writer may say, however, 
that with common coil resistances, or rheostats, there 
is a choking or damping effect upon electrical impulses 
of short duration, due to the phenomenon of self-in- 
duction. Having balanced the respective resistances of 
the electrolyte and wire with its non-inductive resist- 
ance rheostat in series, the chronograph was speeded 
up, and when a rate of 2,000 revolutions per minute 


Fig. 8.—Whetham’s Apparatus for 
Experimentally Determining the Ab- 
solute Velocities of Ione. 


ly due to the fact that its resistance was slightly lower 
than that of the wire. The resistances were carefully 
rebalanced, using the most refined means, when the 
two conductors finally “struck abreast,” so to speak, 
upon the flying band. Electrolytes of various composi- 
tion were substituted for the sulphuric acid, and care- 
fully compared with the wire, and in every case where 
the resistances had been perfectly balanced, the two 
electro-magnets struck abreast. The highest speeds of 
bands were of course obtained with the large instru- 
ment as shown in Fig. 6, and with this equipment, 
electrolytes of various lengths were experimented 
with. An electrolyte 80 feet in length conducted as 


Fig. 7.—Lodge’s Apparatus for Experimentally Determining the Absolute 
Velocity of the Hydrogen Ion, 


quickiy as an electrolyte only a few centimeters long. 
It mattered not whether we used an electrolyte with 
light or heavy ions, the rate of conductivity, or re- 
sponse to the electric current, was the same. Experi- 
ments were also conducted with storage batteries as a 
source of electricity, and it was recorded here again 
that the electricity left the free ions in the storage 
cells, as readily as it did a wire charged by a dynamo 
current. Experiments of this character were repeated 
many times, and the writer believes one is justified in 
stating the law that electrolytes of equal resistance 
conduct the electric current with a definite velocity. re- 
gardless of the composition of the electrolytes or the 
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Pig. 6.—Special High-S) 


{r Studying Velocity of Electrolytic Conduction, This Chronograph is Driven by a Two-Horse-Power Motor as Shown at the Left Bel 
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length of the containing vessel. It may also be stated 
that an electrolyte conducts the electric current as 
quickly as a conductor of the first class, regardless of 
its composition, provided we nave an equal ohmic re- 
sistance of.a non-inductive type. In working with 
fused electrolytes the same cuantitative behavior was 
observed, the electric current flowing as quickly after 
contact as with all metallic conductors. Free ions 
must therefore be around the electrodes, and in con 
tact with them. If molecules had to be first broken 
down into ions, and these ions had to travel, ther 
would undoubtedly be a lag in experimenting with 
electrolytes consisting of heavy ions, for the question 
of inertia would be involved. The same impulse 
which would start up light ions in a given time, would 
fail to produce the same response where heavier ions 
were concerned. Having shown the instantaneous be- 
havior of electrolytes toward the electric current, 
we are now in a position to study the experimental 
methods for measuring the absolute velocity of ions. 


Absolute Velocity of Ions. Experimental Methods for 
Showing Lodge's Apparatus. 

it has been stated that all ions had their respec- 
tive velocities, and that these velocities were exceed- 
ins!” small. It has been demonstrate’ by Bredig, and 
also ty Ostwald, that the velocity of mechanical mo- 
tion of the ions is a function of their atomic weights. 
This relationship was brought out by series of long and 
patient research, but the reason for such behavior is 
not understood. We have in chemistry several striking 
cases of periodic behavior, although we have so far 
been unable to account for them. If we arranged the 
ions in a table according to their migration rates, we 
would find that hydrogen is the swiftest of them all, 
although its movement through an elec: rolyte requires 
considerable time. Let us look into the method of 
Lodge, and learn just what the speed of the hydrogen 
ion is. Fig. 7 illustrates the apparatus of this physi- 
cist for determining the speed of the hydrogen ion 
under a given potential gradiept. Here we have two 
beakers or gliss jars joined by’ 1 siphon tube bent at 
right angles at each end. A centimeter scale is at- 
tached to the under side of this tube as indicated 
This glass siphon tube contains an aqueous solution 
of gelatine put in hot, which solidifies when cold, 
forming a jelly. Now this solution of gelatine also 
contains some sodium chloride, NaC), to serve as the 
electrolyte, and the entire solution is colored red by 
the addition of a little phenolphthalein made alka- 
line with a few drops of sodium hydroxide solution. 
The gelatine is dissolved in hot water in a beaker and 
some common salt (sodium chloride) is added and 
stirred until a perfectly homogeneous solution is ob- 
tained. A little phenolphthalein is then stirred in 
and made red by adding a few drops of the sodium 
hydroxide solution. This mixture is kept near the 
boiling point of water for a few minutes, and is then 
poured into a number of tubes bent at right angles 
to form siphons like that iliustrated. Care must be 
taken to avoid the inclosing of air bubbles, and the 
tubes are put away to cool and solidify with the bent 
ends turned up. To measure the velocity of the hy- 
drogen ion, one of the tubes after cooling is placed 
dipping into the two beakers as shown and the beak- 
ers filled with a dilute solution of sulphuric acid. Two 
platinum electrodes are put in place and connected to 
our motor-generator or lamp bank, with a voltmeter 
joined across the electrodes to show the potential gva- 
dient under which we are working. All ions have a 
fixed velocity under a set potential gradient. Now, 
what takes place when a current of electricity is made 
to pass through this system? The hydrogen ion from 
the electrolyte of sulphuric acid starts from the anode 
in the right-hand beaker, and makes its way to the 
cathode in the left-hand beaker through the composi- 
tion in the siphon tube. What happens there? The 
hydrogen simply displaces the sodium from the sodium 
chloride present, and forms hydrochloric acid, H + 
NaCl = HCl, which decolorizes the gelatinous solution 
of phenolphthalein. This indicator is red in the pres- 
ence of a base, and colorless in the presence of an acid 
As the hydrogen ion proceeds through the siphon tube, 
it replaces the sodium in the sodium chloride, and 
bleaches out the phenolphthalein marking its way 
through the composition. The experiment is an inter- 
esting one to watch, as the decoloration proceeds at a 
Lodge worked with a potential gradient 
If we 


slow rate. 
equivalent to a drop of one volt a centimeter. 
have a tube 50 centimeters long, therefore we must use 
a difference in potential of 50 volts, and must employ 
our lamp bank for this unless we have at hand a dy 


namo wound for a current output at 50 volts. For a 
short tube we can use our motor-generator. Working 


with such a piece of apparatus with a drop of one 
volt per centimeter, Lodge found the absolute velocity 
of the hydrogen ion to be about one and two-fifths centi- 
meter per minute. In three determinations Lodge 
found the hydrogen ion to travel— 

1.1560 centimeters per minute. 

1.1740 centimeters per minute. 

1.1440 centimeters per minute. 
The average of these three determinations with the 
above apparatus being 

1.1580 centimeters per minute, 
or considerably over an hour for this, the swiftest of 
all ions to travel a meter; and yet as shown by the 
electro-chronograph work, an electric current leaps 
through an electrolyte, so to speak, in exactly the same 
time as it does through a wire. 

Whetham’'s Method. 


Another experimental method for determining the 
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absolute velocities of fons was devised and used by 
Whetham, the apparatus being illustrated in Fig. 8. 
He describes his method as follows: “Suppose we 
have two solutions like copper chloride and ammon- 
ium chloride, containing one ion in common, and hav- 
ing nearly equal conductivities, Let one solution be 
colored, and have a density different from that of the 
other. The denser solution is first poured into the 
longer arm of a kind of U-tube, and then the other is 
allowed to flow gently on to its surface from the 
shorter arm. If a current is passed across the junc- 
tion between the two solutions, it carries the copper 
and ammonium ions with it, and drives the chlorine 
ions in the opposite direction Since the color de- 
pends on the presence of the copper ions, the boundary 
will travel with the current, and, by measuring its 
velocity, the speed of the ions under unit potential 
gradient can be calculated.” There are severai other 
methods for determining absolute velocities of ions, 
and in the hands of careful investigators the results 
agree very strikingly As will be seen later, there are 
methods for determining the relative velocities of the 
ions, and it will be seen at once if we have the abso- 
lute velocity of one ion accurately determined, and we 
ean ascertain in other ways the relative velocities of 
the remaining ions, we can calculate the absolute ve- 
locities of them all Having learned about electro- 
lytes, dissociation, and ionic velocity, ete., we will be 
in a good position to take up and appreciate work of a 
little more practical character in our next chapter, and 
introduce the student to the beautiful work of Faraday 
in electrochemical science. Here we will study the 
quantitative relation of the electric current to electro- 
lytes, and take up the energy relations between chem- 
istry and electricity, and lay the foundation for work 
of a very practical and useful character. 
(To be continued.) 


[Concluded from SuprLement No. 1516, page 24204.) 
BREEDING AND HEREDITY.* 
WiLtiAM Bareson, M.A., F.R.S. 

GAMETIC UNIONS AND THEIR CONSEQUENCES, 

Cuaracters being then distributable among gametes 
according to regular systems, the next question con- 
cerns the properties and features presented by the 
zygotes formed by the union of gametes bearing differ- 
ent characters. 

As to this no rule can as yet be formulated. Sucha 
heterozygote may exhibit one of the allelomorphie char- 
acters in its full intensity (even exceeding it in special 
cases, perhaps in connection with increased vigor), 
cr it may be intermediate between the two, or it may 
present some character not recognizable in either par- 
ent. In the latter case it is often, though not always, 
reversionary. When one character appears in such in- 
tensity as to conceal or exclude the other it is called 
dominant, the other being recessive. It may be re- 
marked that frequently, but certainly not universally 
(as has been stated), the phylogenetically older char- 
acter is dominant. A curious instance to the contrary 
is that of the peculiar arrangement of colors seen in 
a breed of game fowls called Brown-breasted, which in 
combination with the purple face, though certainly a 
modern variation, dominates (most markedly in fe- 
males) over the black-breasted type of Gallus bankiva. 

In a few cases irregularity of dominance has been 
observed as an exception. The clearest illustration I 
can offer is that of the extra toe in fowls. Generally 
this is a dominant character, but sometimes, as an ex- 
ceptional phenomenon, it may be recessive, making sub- 
sequent analysis very difficult. The nature of this ir- 
regularity is unknown. A remarkable instance is that 
of the blue color in maize seeds (Correns; R. H. Lock). 
Here the dominance of blue is frequently imperfect, 
or absent, and the figures suggest that some regularity 
in the phenomenon may be discovered. 

Mendel is often represented as having enunciated 
dominance as a general proposition. That this state- 
ment should still be repeated, even by those who realize 
the importance of his discoveries, is an extraordinary 
illustration of the oblivion that has overwhelmed the 
work of the experimental breeders. Mendel makes the 
specific statement in regard to certain characters in 
peas which do behave thus, but his proposition is not 
general. To convict him of such a delusion it would 
be necessary to prove that he was exceptionally igno- 
rant of breeding, though on the face of the evidence he 
seems sufficiently expert 

A generalization respecting the consequences of he- 
terozygosis possessing greater value is this: When 
a pair of gametes unites in fertilization the characters 
of the zygote depend directly on the constitution of 
these gametes, and not on that of the parents from 
which they came. To this generalization we know as 
yet only two clear exceptions. These very curious 
cases are exactly alike in that, though segregation ob- 
viously occurs in a seed-character, the seeds borne by 
the hybrid (F,) all exhibit the hybrid character, and 
the consequences of segregation in the particular seed- 
character are not evident until the seeds (F,) of the 
second (F.) generation are determinable. Of these the 
first is the case of indent peas investigated especially 
by Tschermak Crossed with wrinkled peas I have 
found the phenomena normal, but when the cross is 
made with a round type the exceptional phenomena 
occurs. The second case is that discovered by Biffen 
in the cross between the long-grained wheat called Pol- 
ish and short-grained Rivett wheat, demonstrations of 
which will be laid before you. No satisfactory account 


* Read before the section of zoology of the British Association for the 
Advancement of Science, 
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of these peculiarities has been yet suggested, but it is 
evident that in some unexplained way the maternai 
plant characters control the seed characters for each 
generation. It is, of course, likely that other compara- 
ble cases will be found. 

Appearances have been seen in at least four cases 
(rats, mice, stocks, sweet peas) suggesting at first 
sight that a heterozygosis between two gametes, both 
extracted, may give, e. g., dominance; while if one, or 
both, were pure, they would give a reversionary hetero- 
zygote. If this occurrence is authenticated on a suffi- 
cient seale, we shall of course recognize that the fact 
proves the presence in these cases of some pervading 
and non-segregating quality, distributed among the ex- 
tracted gametes formed by the parent heterozygote. 
As yet, however, I do not think the evidence enough to 
warrant the conclusion that such a pervading quality 
is really present, and I incline to attribute the appear- 
ances to redistribution of characters belonging to inde- 
pendent pairs in the manner elucidated by Cuénot. 
The point will be easily determined, and meanwhile 
we must note the two possibilities. 

Following, therefore, our first proposition, that the 
gametes belong to definite classes, comes the second 
proposition, that the unions of members of the various 
classes have specific consequences. Nor is this propo- 
sition simply the truistical statement that different 
causes have different effects; for by its aid we are led 
at once to the place where the different cause is to be 
sought—Gametogenesis. While formerly we hoped to 
determine the offspring by examining the ancestry 
of the parents, we now proceed by investigating the 
gametic composition of the parents. Individuals may 
have identical ancestry (and sometimes, to all appear- 
ances, identical characters), but yet be quite different 
in gametic composition; and, conversely, individuals 
may be identical in gametic composition and have 
very different ancestry. Nevertheless, those that are 
identical in gametic composition are the same, what- 
ever their ancestry. Therefore, where such cases are 
concerned, in any considerations of the physiology of 
heredity, ancestry is misleading and passes out of ac- 
count. To take the crudest illustration, if a hybrid 
is made between two races, A, B, and another hybrid 
between two other races, C, D, it might be thought 
that when the two hybrids AB and CD are bred to- 
gether, four races, A, B, C, and D, will be united in 
their offspring. This expectation may be entirely 
falsified, for the cell-divisions of gametogenesis may 
have split A from B and C from D, so that the final 
product may contain characters of only two races after 
all, being either AC, BC, AD, or BD. In practice, 
however, we are generally dealing with groups of 
characters, and the union of all the A group, for in- 
stance, with all the C group will be a rare coincidence. 

It is the object of Mendelian analysis to state each 
case of heredity in terms of gametic composition, and 
thence to determine the laws governing the distribu- 
tion of characters in cell-divisions of gametogenesis. 

There are, of course, many cases which still baffle 
our attempts at such analysis, but some of the most 
paradoxical exceptions have been reduced to order by 
the accumulation of fgets. The consequences of 
heterozygosis are curiously specific, and each needs 
separate investigation. A remarkable case occurred 
in stocks, showing the need for caution in dealing 
with contradictory results. Hoary leaves and glab- 
rous leaves are a pair of allelomorphice characters. 
When glabrous races were crossed with crossbreds, 
sometimes the results agreed with simple expectation, 
while in other cases the offspring were all hoary 
when, in accordance with similar expectation, this 
should be impossible. By further experiment, how- 
ever, Miss Saunders has found that certain glabrous 
races crossed together give nothing but hoary heter- 
ozygotes, which completely elucidates such exceptions. 
There is every likelihood that wherever segregation 
occurs similar analysis will be successful. 

Speaking generally, in every case the first point to 
be worked out is the magnitude of the character-units 
recognized by the critical cell-divisions of gameto- 
genesis, and the second is the specific consequence of 
all the possible combinations between them. When 
this has been done for a comprehensive series of types 
and characters, it will be time to attempt further 
generalization, and perhaps to look for light on that 
fundamental physiological property, the power of cell- 
division. 

Segregation and Sex.—Acquaintance with Mendelian 
phenomena irresistibly suggests the question whether 
in all cases of families composed of distinct types the 
distinctness may not be primarily due to gametic segre- 
gation. Of all such distinctions none is so universal 
or so widespread as that of sex; may it not be pos- 
sible that sex is due to a segregation occurring be- 
tween gametes, either male, female, or both. It will 
be known to you that several naturalists have been 
led by various roads to incline to this view. We still 
await the proof of crucial experiments; but without 
taking you over more familiar ground, it may be use- 
ful to show how the matter looks from our standpoint. 
As regards actual experiment, all results thus far are 
complicated by the occurrence of some sterility in the 
hybrid generation. Correns, fertilizing QQ Bryonia 
dioica with pollen from 8 B. alba, obtained offspring 
(F,) either Yor Q with only one doubtful exception. 
Gartner found a similar result in Lychnis diurna 9 x 
8 L. Flos-cuculi as J, but only raised six plants 
(43%, 2 9). From L. diurna x 3 Silene noctifora 
as <~ he got only two plants, spoken of as females 
which developed occasional anthers. These results 
give a distinct suggestion that sex may be determined 
by differentiation among the male gametes, but satis- 
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factory and direct proofs can only be obtained fron 
some case where sterility does not ensue. 

Apart, however, from such decisive evidence— 
which, indeed, would be more satisfactory if relatin 
to animals—several circumstances suggest that sex i 
a segregation-phenomenon. Prof. Castle in a valuab! 
essay has directed attention to distinct evidence o 
disturbance in the heredity of certain moths (Agli 
tau and lugens, Standfuss’s experiments; Tephrosiv 
experiments of Bacot and others, summarized b. 
Tutt),* where the disturbance is pretty certainly con 
nected with sexual differentiation. Mr. Punnett and 
are finding suggestions of the same thing in certai) 
poultry cases. Mr. Doncaster has pointed out tha 
the evidence of Mr. Raynor clearly indicates that a 
certain variety of Abrazas grossulariata, usually pecu 
liar to the female, is a Mendelian recessive. It i 
scarcely doubtful that this will be shown to hold als: 
for some other female varieties, e. g., Colias edusa 
var. helice, etc. We can therefore feel no doubt thai 
there is some entanglement between sex and gameti 
cally segregable characters. A curious instance of a 
comparable nature is that of the Cinnamon canary 
(Norduijn, etc.), and similar complications are al 
leged as regards the descent of color-blindness anid 
hemophilia. 

In one remarkable group of facts we come very 
near to the phenomenon of sex. Experiments made 
in conjunction with Mr. R. P. Gregory have shown thai 
the familiar heterostylism of Primula is a phenomenon 
of Mendelian segregation. Short style, or “thrum,” 
is a dominant—with a complication;+ long style, or 
“pin,” is recessive; while equal, or “homostyle,” is re- 
cessive to both. 

Even nearer we come in a certain sweet-pea example, 
where abortion of anthers behaves as an ordinary 
Mendelian recessive character.t By a slight exaggera- 
tion we might even speak of a hermaphrodite with 
barren anthers as a “female.” 

Consider also how like the two kinds of differentia- 
tion are. The occasional mosaicism in Lepidoptera, 
called “gynandromorphism,” may be exactly parallel- 
ed by specimens where the two halves are two color- 
varieties, instead of the two sexes. Patches of Silene 
inflata in this neighborhood commonly consist of hairy 
and glabrous individuals,§ a pheonomenon proved in 
Lychnis to be dependent on Mendelian segregation. 
The same patch consists also of female plants and 
hermaphrodite plants. Is it not likely that both phen- 
omena are similar in nature? How otherwise would 
the differentiation be maintained? The sweet-pea case 
I have spoken of is scarcely distinguishable from this. 
I therefore look forward with confidence to the eluci- 
dation of the real nature of sex—that redoubtable 
mystery. 

We now move among the facts with an altogether 
different bearing. “Animals and Plants under Do- 
mestication,” from being largely a narration of in- 
scrutable prodigies, begins to take shape as a body of 
coherent evidence. Of the old difficulties many dis- 
appear finally. Others are inverted. Darwin says he 
would have expected “from the law of reversion” that 
nectarines being the newer form would more often 
produce peaches than peaches nectarines, which is the 
commoner occurrence. Now, on the contrary, the 
unique instance of the Carclew nectarine tree bearing 
peaches is more astonishing than all the other evi- 
dence together! 

Though the progress which Mendelian facts make 
possible is so great, it must never be forgotten that 
as regards new characters involving the addition of 
some new factor to the pre-existing stock we are al- 
most where we were. When they have been added by 
mutation, we can now study their transmission; but 
we know not whence or why they come. Nor have 
we any definite light on the problem of adaptation; 
though here there is at least no increase of difficulties. 

Besides these outstanding problems, there remain 
many special points of difficulty which on this occa- 
sion I cannot treat—curiosities of segregation, obscure 
aberrations of fertilization|! (occasionally met with), 
coupling of characters, and the very serious _possi- 
bility of disturbance through gametic selection. Let 
us employ the space that remains in returning to the 
problem of variation, already spoken of above, and 
considering how it looks in the light of the new facts 
as to heredity. The problem of heredity is the prob- 
lem of the manner of distribution of characters among 
germ-cells. So soon as this problem is truly formu- 
lated, the nature of variation at once appears. For 
the first time in the history of evolutionary thought. 
Mendel’s discovery enables us to form some picture 
of the process which results in genetic variation. It is 
simply the segregation of a new kind of gamete, bear- 
ing one or more characters distinct from those of the 


* Trans. Ent. Soc. Lond. 1898. 

+ It is doubtful if “thrum” ever breeds true, as both the other types 
can do, Perhaps “ thram is a Halbrasse of De Vries. 

t Neglecting minor complications, the descent is as follows: Lay 
Penzance ? Emily Henderson (long pollen) purple F,. In 
F, family, with rare exceptions, colored plants with dark axils were fer- 
tile, those with light axils having ¢ sterile, whites being either fertile 
sterile. The ratios indicated are 9 colored. dk. ax., fertile ¢ : 3 color. 
t. ax., sterile ¢ : 3 whit», fertile g . 1 white. sterile ¢. The fer' 
whites, therefore, though light-axiled (as whites almost always ar 
presumably bear the dark-axil character, which generally cannot ap; 
except in association with colored flowers. This can be proved next y: 
Some at least of the plants with sterile § are fertile on the ? side, 2 
when crossed with a colored light-axiled type will presumably give 0: 
light-axiled plants, 

§ This excellent illustration was shown me by Mr. A. W. Hill and » 
A. Wallis. A third form, glabrous “ith hairy edges to the leaves, 2 
occurs, 

| In view of Ostenfeld’s discovery of parthenogenesis in Hieracium, t 
possibility that this phenomenon playg a part in some non-segregati: .. 
cases needs careful examination, 
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type Ve can answer one of the oldest questions in 


phil hy. In terms of the ancient riddle, we may 
rep!) at the owl’s egg existed before the owl; and 
if w -sitate about the owl, we may be sure about the 
ban! The parent zygote, the offspring of which 
disp variation, is giving off new gameies, and in 
its £ togenesis a segregation of their new character, 
mor: less pure, is taking place. The significance 
and in of the discontinuity of variation is there- 
fore sreat measure evident. So far as pre-existing 
elem are concerned, it is an expression of the 
powe: of cell-division to distribute character-units 
amou imetes. The initial purity of so many nascent 
muta!. ms is thus no longer surprising, and, indeed, 
that sh initial purity has not been more generally 
obser. | we may safely ascribe to imperfections of 
meth 

It i. evident that the resemblance between the par- 
ent o inating a variety and a heterozygote is close, 
and {.« cases need the utmost care in discrimination, 
If, fo. instance, we knew nothing more of the Anda- 
lusian ‘owl than that it throws blacks, blues, and 
whites. how shouid we decide whether the case was 
one «: heterozygosis or of nascent mutation? The 
second (F.) generation from Brown Leghorn x White 
Legho:« contains an occasional Silver-Gray or Duck- 
wing ‘male. Is this a mutation induced by crossing, 


or is it simply due to a recombination of pre-existing 
charac:ers? We cannot yet point to a criterion which 
will certainly separate the one from the other; but 
perhaps the statistical irregularity usually accompany- 
ing mutation, contrasted with the numerical sym- 
metry of the gametes after normal heterozygosis, may 
give indications in simple cases—though scarcely trust- 
worthy even there. These difficulties reach their 
maximum in the case of types which are continually 
giving off a second form with greater or less frequency 
as a concomitant of their ordinary existence. This 
extraordinarily interesting phenomenon, pointed out 
firs' by De Vries, and described by him under the head 
of “Haib-’ and “Mittel-Rassen,”’ is too imperfectly 
understood for me to do more than refer to it, but 
in the attempt to discover what is actually taking 
place in variation it must play a considerable part. 

Just as that normal truth to type, which we call 
heredity, is in its simplest elements only an expression 
of that qualitative symmetry characteristic of all non- 
differentiating cell-divisions, so is genetic variation 
the expression of a qualitative asymmetry beginning 
in gametogenesis. Variation is a novel cell-division.* 
So soon as this fact is grasped we shall hear no more 
of heredity and variation as opposing “factors” or 
“forces’—a metaphor which has too long plagued us. 

We cease, then, to wonder at the suddenness with 
which striking variations arise. Those familiar with 
the older literature relating to domesticated animals 
and plants will recall abundant instances of the 
great varieties appearing early in the history of a race, 
while the finer shades had long to be waited for. In 
the sweet pea the old purple, the red bicolor, and the 
white have existed for generations, appearing soon 
after the cultivation of the species; but the finer split- 
ting which gave us the blues, pinks, etc., is a much 
rarer event, and for the most part oniy came when 
crossing was systematically undertaken. If any of 
these had been seen before by horticulturists, we can 
feel no doubt whatever they would have been saved. 
An observer contemplating a full collection of modern 
sweet peas, and ignorant of their history, might sup- 
pose that the extreme types had resulted from select- 
ive and more or less continuous intensification of these 
intermediates, exactly inverting the truth. 

We shall recognize among the character-groups lines 
of cleavage, along which they easily divide, and other 
finer subdivisions harder to effect. Rightly consid- 
ered, the sudden appearance of a total albino or a bi- 
color should surprise us less than the fact that the 
finer shades can appear at all. 

At this point comes the inevitable question, what 
makes the character-group split? Crossing, we know, 
may do this; but if there be no crossing, what is the 
cause of variation? With this question we come 
sharply on the edge of human knowledge. But certain 
it is that if causes of variation are to be found by 
penetration, they must be specific causes. A mad 
dog is not “caused” by July heat, nor a moss rose by 
progressive culture. We await our Pasteur; found- 
ing our hope of progress on the aphorism of Virchow, 
that every variation from type is due to a pathological 
accident, the true corollary of “Omnis cellula e cel- 
lula.” 

In imperfect fashion I have now sketched the lines 
by which the investigation of heredity is proceeding, 
and some of the definite results achieved. We are 
asked sometimes, Is this new knowledge of any use? 
That is a question with which we, here, have fortu- 
nately no direct concern. Our business in life is to 
find things out, and we do not look beyond. But as 
regards heredity, the answer to this question of use 
Is so plair that we may give it without turning from 
the way 

We may truly say, for example, that even our pres- 
ent knowledge of heredity, limited as it is, will be 
found of extraordinary use. Though only a beginning 
has been made, the powers of the breeder of plants and 
anima! are vastly increased. Breeding is the greatest 
industry to which science has never yet been applied 
This strange anomaly is over; and, so far at least as 
fixation or purification of types is concerned, the 


°F irallel between the differentiating divisions by which the parts 
of the vormal body are segregated from each other, and the segregating 
processes of gametogenesis, mnst be very close. Occasionally we even 
see tho eoygregation of Mendelian characters among zygotic cells, 
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breeder of plants and animals may henceforth guide 
his operations with a great measure of certainty. 

There are others who look to the science of heredity 
with a loftier aspiration; who ask, Can any of this 
be used to help those who come after to be better than 
we are—healthier, wiser, or more worthy? The 
answer depends on the meaning of the question. On 
the one hand it is certain that a competent breeder, 
endowed with full powers, by the aid even of our pres- 
ent knowledge, could in a few generations breed out 
several of the morbid diatheses. As we have got rid 
of rabies and pleuro-pneumonia so we could extermi- 
nate the simpler vices. Voltaire’s cry, “Ecraser 
Vinfimer’ might well replace Archbishop Parker's 
Table of Forbidden Degrees, which is all the instruc- 
tion Parliament has so far provided. Similarly, a race 
may conceivably be bred true to some physical and 
intellectual characters considered good. The positive 
side of the problem is less hopeful, but the various 
species of mankind offer ample material. In this 
sense science already suggests the way. No one, how- 
ever, proposes to take it; and so long as, in our actual 
laws of breeding, superstition remains the guide of 
nations, rising ever fresh and unhurt from the assaults 
of knowledge, there is nothing to hope or to fear from 
these sciences. 

But if, as is usual, the philanthropist is seeking for 
some external application by which to ameliorate the 
course of descent, knowledge of heredity cannot help 
him. The answer to his question is No, almost with- 
out qualification. We have no experience of any 
means by which transmission may be made to deviate 
from its course; nor from the moment of fertilization 
can teaching, or hygiene, or exhortation pick out the 
particles of evil in that zygote, or put in one particle 
of good. From seeds in the same pod may come sweet 
peas climbing five feet high, while their own brothers 
lie prone upon the ground. The stick will not make 
the dwarf peas climb, though without it the tall can 
never rise. Education, sanitation, and the rest, are 
but the giving or withholding of opportunity. Though 
in the matter of heredity every other conclusion has 
been questioned, I rejoice that in this we are all agreed. 


ON THE GENESIS OF TEMPORARY RADIO- 
ACTIVITY. 

Ester and Geitel, two years ago, discovered the 
radioactivity induced by atmospheric air in negatively- 
electrified conductors, when the active layer of the lat- 
ter, after being removed by friction and transferred 
elsewhere, was found for some hours to produce an 
action on photographic plates through black paper and 
a thin aluminium plate, as well as on a dispersion ap- 
paratus. 

In a memoir presented before a recent meeting of the 
French Academy of Sciences, Messrs. Ed. Sarasin, 
Th. Tommasina, and F. J. Micheli, of Geneva, de- 
scribe their experiments made by the aid of the Elster- 
Geitel electroscope on the decay of temporary radio- 
activity. After each set of five readings, lasting for 
five minutes, the charge of the electroscope was re- 
newed, and driven always to the same potential, the 
sign being either always the same or alternately posi- 
tive and negative. Plotting as ordinates the mean of 
the readings of each series and as abscisse the minute 
of taking the fifth reading, the authors obtained a series 
of curves embodying the laws of decay of temporary 
radioactivity, the following facts being brought out: 
The curves are exponential curves, like those repre- 
senting the decay of the activity induced by the emana- 
ticn from radioactive bodies, taking likewise an asymp- 
totical form after two to three hours, according to the 
energy of activity assumed. In the first hour the 
radioactivity taken by a wire of any metal (silver, 
copper, aluminium, iron, nickel) diminishes by half; 
at the end of the second and third hours, the decay is 
by half, whereas the activity once more falls to a half 
value only after five to six hours, and afterward in 
twenty hours, any further action stated after, say, 
three days being only a slight one. 

This law is practically identical for any metals hav- 
ing been radioactively influenced either in ordinary air 
or in air ionized by X-rays. The effect produced in 
air assumes the same intensity both with the window 
open or closed, whereas the action of X-rays disap- 
pears if the window remain open during the activation 
of the wire. The highly activating action of these 
rays is, however, not found to diminish on being di- 
rected away from the wire to be activated. This 
strong radioactivity induced by X-rays, so far from 
being due tc the @irect radiation, is thus produced 
by the ionization in the surrounding medium, thus 
showing that in this case the presence of traces of radio- 
active bodies should not be claimed for explaining the 
Elster-Geitei effect. When changing alternately the 
sign of the electroscopic charge, two curves are ob- 
tained which cannot be superposed on one another, the 
positive curve being always higher. The existence of 
two independent actions is thence inferred, one being 
more energetic than the other, and the authors are of 
opinion that this affords experimental evidence that 
the temporary radioactivity in question contains, like 
that of radioactive bodies, the two typical kinds of 
radiation of opposite sign, alpha and beta. As to the 
different amounts of the two dispersive actions accord- 
ing to the sign of the electroscopic charge, the follow- 
ing explanation is offered: As the dispersive cylinder 
is charged negatively, it attracts the positive alpha 
ions given off by the activated wire, while receiving 
at the same time a certain amount of negative beta 
ions, which the negative charge of the cylinder has 
not been able to repel, owing to their hign velocity. 
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Their path is directed at right angles to the cylinder 
surface. These negative ions, instead of diminishing, 
will augment the charge of the same sign, borne by the 
electroscope, the effect thus being the same as if they 
neutralized immediately part of the charge carried 
along by the positive alpha ions. On the other hand, 
as the electroscope carries a positive charge, the nega- 
tive ions will alone be able to supply their charge to 
the cylinder, the positive ions being all repelled, owing 
to their very low velocity. The positive discharge 
should according to the above be considered as normal. 

The result of the authors’ observations on the dis- 
persion due to wires that are activated by a positive 
charge, fully bear out the explanation suggested. In 
fact, part of the effect produced on the cylinder by 
positive ions being neutralized through the negative 
ions that travel at right angles to the surface of the 
negative dispersing cylinder, the fact that wires acti- 
vated with a positive charge will produce rather a 
stronger action on the negative charge of the electro- 
scope, should be attributable to the higher speed pos- 
sessed in this case by the negative ions permitting the 
negative disperser to repel them. If this repulsion were 
complete, the two total charges counterbalancing each 
other, there should be only one curve, and this will be 
the case if the residual radioactivity be sufficiently 
weakened, when the two curves become asymptotic, 
and are found more and more to approach one another 
until they become identical. From the results above 
recorded, the existence of a rather intimate connec- 
tion is inferred between ionization and the genesis of 
temporary radioactivity. The authors even think these 
two phenomena to be reciprocal, that is to say, the 
radioactivation of bodies would be due to the absorp- 
tion or unstable adhesion of emanation formed during 
the ionization of the gases, and possibly constituting it, 
while radioactivity would consist in this adhering 
emanation being lost by radiation, this emanation be- 
ing given off continually from radioactive bodies, and 
giving in turn rise to the ionization of gases. 


Correspondence, 


To the Editor of the Scienriric AMERICAN: 

Prof. William Crookes, of England, has said re- 
cently, “The loss of niter mines would be a calamity 
to humanity second only to the closing of all coal 
mines.” Chile, South America, has supplied the mar- 
kets of the world for many years from the beds of 
caliche, a soda earth found there, bearing from 6 to 65 
per cent of nitrate of soda. The layers of this deposit, 
which are from 11% to 12 feet thick, are being rapidly 
worked out. The highest estimate as to the duration 
of these beds of caliche is thirty years. Prof. J. Sig- 
frid Edstrom, an electrician from Norway, excited 
great interest at the congress at St. Louis by an ac- 
count of his experiments with an electric oven for con- 
verting air into nitric acid for the manufacture of fer- 
tilizers. Many years ago it was found that if a very 
high-potential electric discharge was fired through the 
air, the mechanical mixture of oxygen and nitrogen 
would be forced to unite into a stable compound—nitrie 
acid. But electricity has been far too expensive to 
consider the process of extracting nitrogen from the 
air as practical. It will not be feasible certainly until 
the earth has been fully exploited for niter, and the 
supply proven to be absolutely exhausted. The ques- 
tion of exhaustion of the world’s supply of nitrogen be- 
came a vital one to the men of science who listened to 
Prof. Edstrom. The fact was brought out that in 
Norway, and many other sections of the globe, agricul- 
tural interests will suffer, and finally come to an end, 
if nitrate of soda beds are not discovered, exploited, 
and the product put upon the market. As saltpeter— 
niter—is an essential in the making of powder it is 
contraband of war, hence the countries without niter 
will suffer a severe handicap if not actual defeat, in 
time of war. Members of the Science Congress from 
California excited interest by telling of the discovery 
of nitrates in Death Valley, California. 

Prof. Edstrom and others were eager for further in- 
formation, which Prof. Larkin requests be sent to the 
ScieENTIFIC AMERICAN by any one having correct data, 
so that the knowledge be widely disseminated, and the 
anxiety as to the world’s supply of nitrogen being ex- 
hausted will be dispelled. The writer has been closely 
associated with expeditions of chemists and miners, 
who have been sent into Death Valley for the purpose 
of investigating its thirty-six thousand acres. This 
tract includes vast deposits of nitrate of soda, of 
potash, and other valuable products, including borax. 
It is evident, from the facts known, that niter can 
only exist in nature in the arid regions; and in order 
to form it the following conditions are necessary: The 
presence of alkalies or bases, such as magnesia, soda, 
lime, ete., in a loose and porous state and easily per- 
meable: moisture, but not surcharged; unimpeded ac- 
cess of air; and the presence of animal and vegetable 
matter, and the nitrifying germs, the latter being mi- 
eroscopic organisms, which produce niter by the oxi- 
dation of organic materials and ammonia. This germ 
fermentation was thought necessary in the old saltpeter 
yards in the East, now worked out. For there it was 
the custom to bring earth from the old yard and mix 
in the earth at the new workings. This was called 
bringing the “mother-peter” or “seed-peter” to liven the 
new yard. The conditions of the evaporated lake re- 
gion known as Death Valley are almost identical with 
those in Chile. The plain of Tamarugal in Chile re- 
sembles in general appearance the desert country of 
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Southern California. In this plain of Chile, called by 
Darwin “an ancient seabed,” there is much organic 
matter, as well as salines. In the Death Valley niter 
beds there is a large amount of organic matter, and 
even ammonia minerals Some of the springs show 
the presence of ammonia. The evaporated lake or great 
basin known as Death Valley shows to the geologist 
that the conditions are almost identical with those 
inder which the sea that once covered the pampas of 
Chile was evaporated 

Some of the points of similarity between the beds 
of niter in California and those in Chile may be sum- 
marized as follows 

|. Both occur only in typical hot, rainless, desert por- 
tions of their countries 

2. Both occur in beds where the niter is associated 
with gypsum, common salt, glauber salt, sulphate of 
Inagnesia, ete 

}. Both are found on dried-up sea bottoms, or the 
residuum of evaporated oceans 

1. The deposits of niter are interrupted in both coun- 
tries by deposits of salt, borax, borate of lime, soda, ete. 

» The niter beds of Chile are described as varying 
in breadth, the average being 1,500 feet, and also vary- 
ing in thickness In California the beds run from 
1.500 feet to over two miles in width, and from three 
to over six miles in length 

6. In both Chile and California the caliche varies 
widely in depth, even in spots close to each other, 
running from a foot to several feet. In both countries 
spots’ are found that are very pure 

7. In Chile the beds are covered with a crust, called 
costra, that is very hard. This costra is composed of 
the debris of earthy matters cemented together into a 
conglomerate that contains sand, salt, gypsum, and 
other salines In California the beds have a costra 
of sand, salt, gypsum, ete it is not hard, but soft. 
In Chile the costra has to be blasted, while in Cali 
fornia it could be removed with a scraper 

S. In both countries there are layers of boric acid. 

%. The colors of the caliche in Chile are yellow, pink, 
and green. The creamy yellow is the main character- 
istic of the California beds, but the pink and green are 
also present 

1}. No niter strata are found below the caliche in 
Chile, while in California nitrates have been found in 
some of the alternating strata of the terraces of the 
hills which form the margin of this evaporated sea, 

Ll. In Chile the only nitrate found in commercial 
quantities is the nitrate of sodium. In the California 
beds, other nitrates have been found, as well as the 
nitrate of sodium that promises to be of commercial 
Importance 

13. In brief, the niter of both countries was formed 
under the same geological conditions, and on the same 
huge seale 

The facts so tar obtained show the existence ot 
quantities on a seale large enough to be of national 
importance, The per cent of niter in the Death Valley 
beds is proven by exhaustive analysis to run from 8&8 
to 65 per cent Lewis E. Aubury, State Mineralogist 
of California, in 1902 sent geologists and chemists into 
the valley, which lies partly in Inyo and partly in San 
Bernardino County, to examine and form some idea of 
the value of these deposits 

rhe Salt Lake, Los Angeles, and Tidewater Rail- 
road, owned by Senator Clark, of Montana, which will 
be completed and equipped for traffic in 1905, 
Passes through the niter lands. The work of develop- 
ing the property will be greatly facilitated when this 
railroad from Salt Lake to tidewater via Los Angeles 
is completed, The world will also come more in touch 
with this arid region, which has been so little known, 
and whose climate, and other conditions, have been so 
adversely exaggerated M. C. BELL. 
Eddy Street, San Francisco, Cal 


THE BUTIN MOTOR PUMP. 


24508 SCIENTIFIC AMERICAN SUPPLEMENT No. 1517. JANUARY 28, 1905, 


A NEW TYPE OF ROTARY PUMP.* at right angles with its plane. This disk of brass xs 
By EMite GUARINI. enlarged and rounded and provided with a groo « 


in which fits a spring-pressed, slidable, semicircy 
plate guided by suitable H-shaped pieces that fit in | \« 
groove. After a 180-deg. revolution of the plate, a \ 
ume in the form of a slice of orange is produced, 6 
that this pump may be considered as a true pisi\n 
apparatus the cylinder of which is equal to this sa). 
volume. 

The disk, or hemispherical hub, operates like a g: 
uine piston, and: is constantly applied throughout 
entire surface during the revolution, against the int 
nal surface of the hemisphere, by a spring interpos 
between the brass and the plate, and through the 
tion of centrifugal force. This double action perm 
of all wear being taken up automatically; and, as the 
semicircular form of the plate prevents binding, 
latter moves with constant smoothness over the inn 
surface of the hemisphere, and always presses tight 
against it. The hand type of this pump is genera 
entirely of bronze. The axle is of steel, and, in order 
to prevent the straining of this, the flywheel that 
carries rests through its hub upon the cover. One ai- 
vantage of this arrangement is that there is no wear 
of the packing of the stuffing-box, which always | 
mains in a good state. The fixing of the apparatus ‘to 
any kind of support is effected through cramps cast 
a piece with the pump chamber. 

When the depth of the well at which the pump 
installed exceeds 26 feet, it becomes necessary to have 
recourse to special arrangements. If it be desired to 


Tue Butin establishment, of Paris, has recently de- 
vised a pump based upon a principle which does away 
with the inconveniences inherent to the old types. This 
pump is rotary and reversible and gives a true piston 


stroke like an ordinary pump; but is provided with 


obtain a regular or copious discharge, the pump must 
be placed in the well as near to the surface of the 
water as possible and be driven by means of a trats- 
mission, such as a metallic cable or a pitch-chain. If 
a source of electric energy is available, a group ol 
THE BUTIN DYNAMO PUMP. electrically-driven pumps may be installed at the bot 
tom of the well. 

The Butin apparatus is constructed also in the form 
of a portable motor pump. This arrangement, which 
is composed of a pump and a smal! high-speed gaso- 
line motor, is adapted for industrial applications, as 
well as private ones. Since it is very light, it 
adapted also for temporary installations, and when 
ever, for want of space, a belt cannot be employed to: 
driving it. If a sufficient space is available, belt driv 
ing is to be preferred. In this case, an ordinary indts- 
trial mechanical pump is employed. The price is about 
the same as that of the motor pump, and the arrange 
ment has the advantage that the motor may be more 
easily set in operation, since it can be done under 
charge in disconnecting the pump. On the other hand, 
it is possible to utilize the motor for actuating other 
apparatus, such as dynamos, agricultural machines, 
machine tools, ete. 

As for the dynamo-pumps mentioned above, they are 
established either with bipolar dynamos of the ar- 


MECHANICALLY-DRIVEN PUMP. 


reither valves nor chucks; and, moreover, all the parts mored type, or with bipolar ones of the Manchester 
revolve in the sams direction and at the same angular type. These groups may be employed for all indts- 
velocity. These characteristics, in connection with the trial purposes, public works, agriculture, or irrigation. 
lightness, simplicity, and strength of the whole ar- The types of small discharge but considerable forcing 
rangement, permit of the application of the principle power are particularly well adapted for all domestic 
of these apparatus to hand pumps for all uses and to applications. ‘They may, for example, be placed in 
mechanical ones for industrial purposes. Finally, be- deep wells, and the electric current be furnished by 
cause of their lightness, these pumps necessitate the any generator of electricity whatever. Such an ar 
use of but little material for their construction, and, rangement does away with all the transmissions by 
on account of their simplicity, they can be manufac- cable, ete., that are usually employed. 


tured cheaply and be sold at a very low price. 
The Butin pump is based upon a new cinematic mo- 


tion that permits of obtaining signal advantages over Some interesting tests have recently been carried out 
other pumping apparatus, anc the principle of which by M. Aimé Witz on a 250-horce-power double-acting 
is as follows gas engine working on the Otto cycle, the results of 

In a hemisphere having a certain point as a center, which were recorded in L’Eclairage Electrique. The 
and closed by a cover, revolves a disk around an axis following are the principal dimensions of the engine, 
_—— as ———— which was built by the Otto Company, of Deutz: [i 

* Specially prepared for the ScreNTIFIC AMEKICAN SUPPLEMENT. ameter of cylinder, 21.2 inches; stroke, 27.6 inches; 
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THE DYNAMO PUMP, BUTIN HAND PUMP. 


A NEW TYPE OF ROTARY PUMP. 
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spd, 150 revolutions per minute; weight per brake 


ho -e-power, 178 pounds. Gas was furnished by a Deutz 
ga producer, being cleansed solely by two coke scrub- 
be The coal used had a calorific value of 14,600 
B. U. per pound, and contained 3.1 per cent of 


ass and 17.1 per cent of volatile substances. With a 
mu load of 222.5 brake horse-power, the following 
fig. ces were obtained: Coal consumed by the pro- 
du. r, 161.5 pounds per hour; water consumed in the 
pro acer, 140 pounds per hour; ditto in the scrubbers, 
3.1.0 pounds per hour. The temperature of the gas 
lea ‘ng the scrubbers was 170 deg. C., and the calorific 
yaice of the gas ranged from 2,280 to 2,444 B.T.U. 
per pound. As regards the consumption of coal, and of 
waicr for cooling the engines, the following figures are 
juoied: Coal, 0.744 pound per brake horse-power hour; 
coo ng water in the cylinder, 46.7 pounds per brake 
horse-power hour; cooling water in the piston, 17.6 
pouuds per brake horse-power hour. 


\ TWELVE-CYLINDER 150 B.H.P. RACING 
MARINE GASOLINE MOTOR. 
iy the English Correspondent of the Scienrtiric 
AMERICAN. 

Tur development of gasoline-motor-propelled boat 
racing has resulted in an increasing demand for great- 
er horse-power and accelerated speed, similar to that 
which attended the development of cars by the organiza- 
tion of automobile races. The outcome is that the gaso- 
line marine motor is being rapidly improved and ren- 
dered efficient and reliable for the severe demands 
which it has to fulfill. One of the latest of these ma- 
rine engines of this type is the Craig-Dérwald motor, 
which has recently been completed by the Putney Mo- 
ior Works, of Putney, London, to the order of a gentle- 
man who intends to participate in such racing contests. 
This particular engine resembles in general design the 
standard Craig-Dorwald gasoline motor, which 
sesses several novel and interesting features, though an 
important deviation from the standard practice is made 
by placing the opposite cylinders at an angle. 

The engine consists of twelve cylinders cast in pairs. 
They are ranged in two rows of six each, and are placed 
diagonally on the crank chamber at an angle of 90 de- 
gices to one another. The advantage of this design is 
that the opposite cylinders work against one another, 
resulting in a greater development of power and the 
utilization of a greater proportion of the developed 
energy than is possible with vertically-placed cylin- 
ders 

Each pair of cylinders is cast in one piece with no 
joints. This is a conspicuous feature of this type of 
motor, as the absence of joints to pack prevents any 
leakage of compression through blowing joints. Extra 
large water spaces are provided, especially round the 
valves, so that all possibility of the engine running hot 
is reduced to a minimum. 

The crank chamber is cast out of aluminium, with 
three large inspection doors placed on the top, and an- 
other at the end secured by three nuts. Easy access to 
the crankshaft is thus assured, while if necessary the 
bottom of the crank chamber can be quickly withdrawn, 
being cast in two pieces for this purpose. By the re- 
moval of the end plate, the cam shaft actuating the 
inlet and exhaust valves can be lifted completely out. 
Both the inlet and exhaust valves are mechanically 
operated, and, what is another advantage, are inter- 
changeable. The heads of the valves are made of close- 
ly-grained cast iron with nickel-steel stems. The latter 
is forced into the head while it is red hot and riveted 
over. By the removal of a single nut, any valve can be 
removed. 

The crankshaft is made of nickel steel, and is turned 
out of a solid single forging. In order to avoid torsion 
strains, it is of large section. As the special require- 
ments of this engine involve the reduction of weight 
to the utmost extent, the shaft is hollow, while the webs 
are also fluted. Furthermore, the shaft is tapered, the 
greatest diameter of 2% inches being at the flywheel 
end, where the greatest strain is experienced, including 
the overcoming of the inertia of the flywheel, while at 
the opposite end the diameter is reduced to 2 inches. 
The crankshaft, which only weighs 93 pounds, is sup- 
ported upon four substantial 5-inch phosphor-bronze 
bearings. Four connecting rods work on each web of 
the crankshaft. The main feature of the Craig-Dérwald 
motors is retained in this engine, i. e., the crankshaft 
iy so set that it is in advance of the axis of each cylin- 
der. The advantage derived from this arrangement 
is that shock and vibration are reduced to almost the 
minimum. Greater power is furthermore derived from 
each explosion of the charge within the cylinder, for 
the piston has a direct, practically vertical thrust down- 
ward on the driving stroke; while on the return stroke, 
when the speed of the piston is at its greatest, it has an 
appreciably easier passage through the cylinder. A 
considerable mechanical advantage is thereby gained 
at the end of the compression stroke of the piston. 

The pistons also are of substantial construction, and 
are 4%, inches diameter by 5 inches bore. Heavy con- 
necting rods with equally heavy long bearings are pro- 
vided. In order to effect an economy in weight, the 
connecting rods, like the crankshaft, are hollow. This 
again enables greater efficiency in the lubrication of the 
piston to be attained. When the connecting rod plunges 
in‘o the oil in the bottom of the crank chamber, the 
upward stroke sucks the oil up through the hollow 
connecting rod, and discharges it at the top over the 
sudgeon pins. The pistons are machined inside and 
our, are perfectly balanced, and each is provided with 
four piston rings. Each of the latter has a novel 
locking device, which prevents the rings so working 
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round that the four slots may come in line, in which 
event loss of compression would possibly result. 

The arrangement of the gudgeon pins is also ingen- 
ious. Instead of projecting through the side and end- 
ing flush with the external surface of the piston, lugs 
for carrying the ends of the gudgeon pins are fitted to 
each end. These project through the top surface of the 
piston, and are secured by bolts. The advantage is 
that by releasing these bolts the piston can be re- 
moved entire from the connecting rod for easy exami- 
nation. Furthermore, it is impossible for any scoring 
of the cylinder wells to occur from this source. The 
gudgeon pins are of large diameter, with the center of 
same near the top of the piston. Side thrust is there- 
fore obviated, and it is also rendered possible to use a 
short piston and a long connecting rod. 

The pistons are placed at an angle of 120 degrees, 
and no two cylinders are fired simultaneously. The 
latter are fired in the following sequence: No. 1 is 
fired first; then its fellow 1A opposite fires, followed 
by 3 and 3a, and then by 5 and 5a. Firing then re- 
commences from the front, starting with 2 and 2a, 
then 4 and 4a, followed finally by 6 and 6a. Thus 
there is a rapid consecutive firing cycle of each of the 
twelve cylinders, and as each cylinder works against 
iis opposite fellow, the full energy of the developed 
power is obtained. 

The gasoline vapor is supplied from three vaporiz- 
ers, one of which is placed between each opposite pair 
of cylinders, thereby supplying four cylinders in all. 
By this arrangement no cylinder is starved of its re- 
quisite quota of explosive mixture. Craig-Doérwald 
automatic vaporizers are employed, the feature of 
which is that the necessary quantity of air which the 
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The engine is self-starting. A device is provided for 
pumping an explosive charge into each cylinder. To 
start the engine, it is only necessary to switch on the 
current. The engine is highly flexible in running, and 
from 100 revolutions can be accelerated to 900 and 
even 1,000 revolutions per minute, at which speed it 
develops 155 B. H. P. 

The motor is very compact. It measures 4 feet 
inches in length, by 2 feet 8 inches wide, and 2 feet 
in height. The tetal weight of the motor complete in- 
cluding the flywheel is only 950 pounds. The most 
prominent feature of the engine is its simplicity and 
instant accessibility at all parts, two important quali- 
fications for an engine designed for racing purposes, 
since in the event of a trifling breakdown it is essen- 
tial that the engine should be so constructed that one 
can easily and quickly open the crank chamber or pis- 
tons in the minimum of time. 

The engine is to be installed in a 40-foot boat. The 
hull is being made of cedar, with a thickness varying 
from 3-16 inch at the thwarts, gradually increasing to 
5-16 and *& inch at the bottom. The engine will be 
placed somewhat forward of amidships, and the de- 
veloped power of the engine will be transmitted, 
through a special reducing gear and a propeller shaft 
about 20 feet in length, to a single propeller 2 feet 2 
inches in diameter. 


” 


POLLAK-VIRAG HIGH-SPEED TELEGRAPH. 

A DEMONSTRATION Was recently given at the Carlton 
Hotel, London, of the Pollak-Virag high-speed writing 
telegraph, which reproduces messages transmitted by 
it in a sort of italic seript. The instrument has been 


TWELVE-CYLINDER 150-HORSE-POWER MARINE GASOLINE MOTOR. 
SHOWING ELECTRIC DISTRIBUTER AND VAPORIZER. 


engine desires to render the mixture of the maximum 
explosive nature, is obtained through an automatic 
air valve. The harder the engine sucks, the more air 
is admitted through this valve. Consequently, the 
mixture of air and gasoline vapor is always automat- 
ically adjusted. The extent of the charge admitted 
into the cylinder is also automatically regulated by 
means of a long longitudinal piston working on a 
spring. When the engine is running dead slow and 
requires only a smal! charge, this piston, by the action 
spring, is caused to almost close the inlet passage. 
Great economy in the consumption of fuel is thereby 
attained; the possibility of overheating the engine is 
reduced, and furthermore, the engine is governed by 
the automatic regulation of the throttle, thereby dis- 
pensing with centrifugal governors. 

The exhaust gases from the cylinders are conveyed 
through short, large-diameter gun-metal pipes to a 
cylindrical exhaust box placed longitudinally between 
the two rows of cylinders. Sloping backward from the 
center of this silencer is a short funnel, which carries 
all the exhaust fumes into the atmosphere without any 
inconvenience to the passengers within the boat. 

The valve cams are so arranged that by the simple 
movement of a lever the motor can be stopped quickly 
and reversed at will. The pinions driving the 2 to 1 
gearing are placed within the front of the crank cham- 
ber, but are immediately accessible by the removal of 
the front end plate. 

Ignition is by accumulators and coil. A large twelve- 
wipe contact distributer of the Craig-Dérwald type is 
fiited on the 2 to 1 shaft at the front of the engine, 
and two single trembler coils are used. 
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very fully described in the columns of the Screntiric 
AMERICAN SUPPLEMENT. It uses two live wires and an 
earth return, and, unlike writing telegraphs in general, 
does not involve the maintenance of synchrénism be- 
tween the receiver and transmitter. At the transmit- 
ting end the message is sent by means of a perforated 
paper strip, which is punched with two sets of perfor- 
ations by means of a machine with a keyboard like 
that of a typewriter. This strip, the material of which 
is a non-conductor of electricity, is passed over a roller 
made up of six electrically insulated sections, and 
metal brushes pressing on the roller form electrical 
connection with one or other of these sections when- 
ever a perforation comes opposite them, The currents 
thus allowed to pass vary in intensity, and those from 
one group of three sections go to one telephone at the 
receiving end while those from the other group of 
three go to a second telephone. To the diaphragms of 
these two telephones, which are placed close together, 
a mirror is connected, and is so suspended that it is 
free to move both horizontally and vertically, in unison 
with the movements of the diaphragms. Now the per- 
forations which energize one telephone are arranged 
to represent the vertical motion necessary in writing ¢ 
character or figure, while the other set of perforations 
similarly represents the hori; ital component. Hence 
the two telephones together reproduce these components 
and the result is that under their combined influence 
the mirror moves in such a way that its motions mark 
out the complete characters. These motions are imper- 
ceptible directly, but if a pencil of light be allowed to 
fall on the mirror, the movement of the reflected ray 
of course increases in amplitude as the.surface upon 
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which it is received is removed farther and farther 
from the mirrors, so that the characters described by 
it may be obtained of indefinite size At the point 
where the size is as required, the reflected ray is 
made to impinge on a photographically sensitive strip 
of paper, and so gives a permanent record of its move- 
ments. The inventors realized that if the apparatus 
was to be of practical utility means must be found for 
the rapid development and fixing of the photographic 
image thus produced, and they were successful in de- 
vising an automatic machine which effects development 
in five or six seconds and fixing in six or seven seconds, 
the paper being then delivered almost completely dry, 
with only a slight dampness on the gelatine surface. 
Strips up to 25 meters long and 7 centimeters wide, 
containing 10,000 or 12,000 words, are successfully 
handled in this way. The speed of the telegraph as a 
whole is limited by the speed at which the perforations 
can be made—about 300 letters a second. But several 
perforating machines can be used to feed the trans- 
mitter proper, and that with the receiver can deal, it 
is said, with as many as 50,000 words an hour, though 
the number, of course, varies with the length and na- 
ture of the line in use In some experiments made 
by the Hungarian postal department between Budapest 
and Pozsony, a distance of about 218 kilometers, with 
two copper telephone wires of 3 millimeters diameter, 
the transmission of 45,000 words an hour was found 
possible, while in another case between Berlin and 
Konigsberg the maximum was about 40,000 words over 
a distance of 710 kilometers, with wires 41, millimeters 
in diameter. The British Post Office, we understand, 
is about to carry out some trials with this extremely 
ingenious apparatus, which is the invention of two 
Hungarian electricians, Messrs. Antal Pollak and Joz- 
sef Virag. 


THE LIGHT OF THE STARS.* 


By Prov. E. C. Pickertne, Director of the Harvard 
College Observatory 


Iv an intelligent observer should see the stars for 
the first time, two of their properties would impress 
him as subjects for careful study; first, their relative 
positions, and secondly, their relative brightness. From 
the first of these has arisen the astronomy of position, 
or astrometry. This is sometimes called the old as- 
tronomy, since until within the last twenty years the 
astronomers of the world, with few exceptions, devoted 
their attention almost entirely to it. To the measure 
of the light should be added the study of the color of 
the stars (still in its infancy), and the study of their 
composition by means of the spectroscope. In this way 
a young giant has been reared, which has almost 
dwarfed its older brothers. The science of astrophys- 
ics, or the new astronomy, has thus been developed, 
which during the last few years has rejuvenated the 
science and given to it, by its brilliant discoveries, a 
public interest which could not otherwise have been 
awakened. The application to stellar astronomy of 
the daguerreotype in 1850, of the photograph in 1857, 
and of the dry plate in 1882, has opened new fields in 
almost every department of this science. In some, as 
in stellar spectroscopy, it has almost completely re- 
placed visual observations. 

One department of the new astronomy, the relative 
brightness of the stars, is as old as, or older than, the 
old astronomy An astronomer even now might do 
useful work in this department without any instru- 
ments whatever. Hipparchus is known to have made 
a catalogue of the stars about 150 B. C. Ptolemy, in 138 
A. D., issued that great work, the “Almagest,”’ which 
for fourteen hundred years constituted the principal 
and almost sole authority in astronomy. It contained 
a catalogue of 1,028 stars, perhaps based on that of 
Hipparchus. Ptolemy used a scale of stellar magni- 
tudes which has continued in use to the present day. 
He called the brightest stars in the sky, the first mag- 
nitude, the faintest visible to the naked eye, the sixth. 
More strictly, he used the first six letters of the Greek 
alphabet for this purpose. But he went a step further, 
and subdivided these classes. If a star seemed bright 
for its class, he added the letter « (mu), standing for 
ueilwy (meizon), large or bright; if the star was 
faint, he added ¢ (epsilon), standing for elAadéwr 
(elasson), small or faint. These estimates were pre- 
sumably carefully made, and if we had them now, they 
would be of the greatest value in determining the secu- 
lar changes, if any, in the light of the stars. The 
earliest copy we have of the “Almagest” is No. 2389 of 
the collection in the Biblioth® we Nationale of Paris. 
It is a beautiful manuscript written in the uncial 
characters of the ninth century. A few years ago it 
could be seen by anyone in one of the show cases of 
the library. There are many later manuscripts and 
printed editions which have been compared by various 
students. The errors in these various copies are so 
numerous that there is an uncertainty in the position, 
magnitude, or identification of about two-thirds of the 
stars A most important revision was made by the 
Persian astronomer, Abd-al-rahman al-sufi, who reob- 
served Ptolemy's stars, A. D. 964, and noted the cases 
in which he found a difference. The careful study and 
translation of this work from Arabic into French by 
Schjellerup has rendered it readily accessible to mod- 
ern readers. 

No important addition to our knowledge of the light 
of the stars was made until the time of Sir William 
Herschel, the greatest of modern observers. He found 
that when two stars were nearly equal, the difference 
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could be estimated very accurately. He designated 
these intervals by points of punctuation, a period de- 
noting equality, a comma a very small interval, and a 
dash a larger interval. In 1796 to 1799 he published, 
in the Philosophical Transactions, four catalogues, 
covering two-thirds of the portion of the sky visible 
in England. Nearly a century later, it was my good 
fortune, when visiting his grandson, to discover in the 
family library the two catalogues required to com- 
plete this work, and which had not been known to 
exist. These two catalogues are still unpublished. 
Meanwhile, little or no use had been made of the four 
published catalogues which, while comparing one star 
with another, furnished no means of reducing all to 
one system of magnitudes. The Harvard measures 
permitted me to do this for all six catalogues, and thus 
enabled me to publish magnitudes for 2,785 stars ob- 
served a century ago, with an accuracy nearly compar- 
able with the best work of the present time. For near- 
ly half a century no great advance was made, and no 
astronomer was wise enough to see how valuable a 
work he could do by merely repeating the observations 
of Herschel. Had this work been extended to the 
southern stars, and repeated every ten years, our 
knowledge of the constancy of the light of the stars 
would have been greatly increased. In 1844, Argelan- 
der proposed, in studying variable stars, to estimate 
small intervals modifying the method of Herschel by 
using numbers instead of points of punctuation, and 
thus developed the method known by his name. This 
is now the best method of determining the light of 
the stars, when only the naked eye or a telescope is 
available, and much valuable work might be done by 
applying it to the fainter stars, and especially to clus- 
ters, 

Meanwhile photometric measures of the stars, ac- 
cording to various methods, had been undertaken. In 
1856, Pogson showed that the scale of magnitudes of 
Ptolemy, which is still in use, could be nearly repre- 
sented by assuming the unit to be the constant ratio, 
2.512, whose logarithm is 0.4. This has been generally 
adopted as the basis of the standard photometric 
seale. The photometer devised by Zoéllner has been 
more widely used than any other. In this instrument 
an artificial star is reduced any desired amount, by 
polarized light, until it appears to equal the real star, 
both being seen side by side in the telescope. Work 
with this instrument has attained its greatest perfec- 
tion at the Potsdam Observatory, where measures of 
the light of the northern stars whose magnitude is 7.5 
and brighter, have been in progress since 1886. The 
resulting magnitudes have been published for 12,046 
stars, included in declination between —2 deg. and 
—60 deg. The accidental errors are extremely small, 
but as the results of different catalogues differ syste- 
matically from one another, we cannot be sure which 
is right and what is the real accuracy attained in each 
ease. In 1885 the Uranometria Oxoniensis was pub- 
lished. It gives the magnitudes of 2,784 northern stars 
north of declination —10 deg. This work is a remark- 
able one, especially as its author, Prof. Pritchard, began 
his astronomical career at the age of sixty-three. The 
method he employed was reducing the light of the 
stars by means of a wedge of shade glass until they 
became invisible, and then determining the brightness 
from the position of the wedge. A careful and labor- 
ious investigation extending over many years has 
been carried on by Mr. H. M. Parkhurst, using a modi- 
fication of this method. 

For several years before the Oxford and Potsdam 
measures described above were undertaken, photomet- 
rie observations were in progress at Harvard. In 1877 
a large number of comparisons of adjacent stars were 
made with a polarizing photometer. Two images of 
each star were formed with a double image prism, and 
the relative brightness was varied by turning a Nicol 
prism until the ordinary image of one star appeared 
equal to the extraordinary image of the other. Sev- 
eral important sources of error were detected, which 
once known were easily eliminated. A bright star 
will greatly affect the apparent brightness of an adja- 
cent faint one, the error often exceeding a magnitude. 
Systematic errors amounting to several tenths of a 
magnitude depend upon the relative positions of the 
images compared. They are perhaps due to the vary- 
ing sensitiveness of the different parts of the retina. 
This photometer has many important advantages. How- 
ever bad the images may be, they are always exactly 
alike, and may, therefore, be compared with accuracy. 
Both stars are affected equally by passing clouds, so 
that this photometer may be used whenever the stars 
are visible and at times when other photometric work 
is impossible. The diminution in light also follows a 
simple geometrical law, and is readily computed with 
great accuracy. There is no unknown constant to be 
determined, as in the Pritchard, and nearly all other 
photometers. The principal objections to this instru- 
ment are, first, that stars cannot be compared unless 
they are near together, and secondly, that faint stars 
can not be measured, since one-half of the light is lost 
by polarization. The principal uses so far made of 
this form of photometer are in comparing the com- 
ponents of double stars, and in a long series of ob- 
servations of the eclipses of Jupiter’s satellites, which 
now extends over a quarter of a century and includes 
768 eclipses. Instead of observing the time of disap- 
pearance, a series of measurements is made, which 
gives a light curve for each eclipse. Much important 
work might yet be done with this form of photometer, 
in measuring the components of doubles and of clus- 
ters, and in determining the light curves of variables 
which have a moderately bright star near them. 
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An important improvement was made in this form 
of photometer in 1892 by which stars as much as 
half a degree apart could be compared. The cones 
of light of two such stars are brought together by 
achromatic prisms, so that they can be compared as 
in the preceding instrument. As there is no part of 
the sky in which a suitable comparison star can 
not be found within this distance, any star may be 
measured with this instrument. In the hands of 
Prof. Wendell, this photometer has given results of 
remarkable precision. The average deviation of the 
result of a set of sixteen settings is about three hun- 
dredths of a magnitude. Light curves of variables 
can therefore be determined with great precision, 
and suspected variables can be divided into those that 
are certainly variable, and those whose changes are 
probably less than a tenth of a magnitude. 

Another change in this instrument produced the 
meridian photometer. Instead of using the two cones 
from one object glass, two object glasses were used, 
mirrors being placed in front of each. In this way 
stars however distant can be compared. In theory 
this instrument leaves but little to be desired. Al- 
most every source of error that can be suggested can 
be eliminated by proper reversion. As constructed, 
the telescope is placed horizontally, pointing east or 
west. One mirror reflects a star near the pole into 
the field, the other a star upon the meridian. A 
slight motion of the mirror permits stars to be ob- 
served for several minutes before or after culmin- 
ation. The first meridian photometer had objectives 
of only two inches aperture. With this instrument 
94,476 measures were made of 4,260 stars during the 
years 1879 to 1882. All stars were included of the 
sixth magnitude and brighter, and north of declina- 
tion —30 deg. The second instrument had objectives 
of four inches aperture, and permitted stars as faint 
as the tenth magnitude to be measured. With this 
instrument, during the years 1882 to 1888, 267,092 
measures were made of 20,982 stars, including all the 
catalogue stars and all the stars of the ninth magni- 
tude and brighter, in zones twenty minutes wide, 
and at intervals of five degrees, from the north pole 
to declination —20 deg. In 1889 the instrument was 
sent to South America, where 98,744 measures were 
made of 7,922 southern stars, extending the two pre- 
ceding researches to the South Pole. On the return 
of the instrument to Cambridge 473,216 measures 
were made of 29,587 stars, including all those of the 
magnitude 7.5 and brighter north of declination —30 
deg. This work occupied the years 1891 to 1898. The 
instrument was again sent to Peru in 1899, and 50,816 
measures were made of 5,332 stars, including all those 
of the seventh magnitude and brighter, south of de- 
clination —30 deg. The latest research has been the 
measurement of a series of stars of about the fifth 
magnitude, one in each of a series of regions ten de- 
grees square. Each of these stars is measured with 
the greatest care on ten nights. This work has been 
completed and published for stars north of declination 
—30 deg., 59,428 measures having been made of 839 
stars. In this count, numerous other stars have been 
included. Similar measures are now in progress of 
the southern stars, this being the third time the 
meridian photometer has been sent to South America. 
The total number of measurements exceeds a million, 
and the number of stars is about sixty thousand. 
About sixty stars can be identified with care, and 
each measured four times with this instrument in an 
hour. The probable error of a set of four settings is 
+ 0.08. 

The principal objection to the instrument just de- 
scribed is the great loss of light. To measure very 
faint stars, another type of photometer has been de- 
vised. A twelveinch telescope has been mounted 
horizontally, like the meridian photometer, and an 
artificial star reflected into the field. The light of 
this star is reduced by a wedge of shade glass until 
it appears equal to the star to be measured. Four 
hundred thousand measures have been made with 
this instrument during the last five years. The prin- 
cipal research has been the measurement of all the 
stars in the Bonn Durchmusterung which are con- 
tained in zones ten minutes wide and at intervals o! 
five degrees, from the north pole to declination —2() 
deg. Large numbers of stars of the tenth and eleventh 
magnitudes are thus furnished as standards of light 
As the light of the object observed is unobstructed, 
any star, however faint, if visible in the telescope, 
may be measured. Accordingly, many stars of the 
twelfth and thirteenth magnitude have been selected 
and measured, thus furnishing faint standards. Se- 
quences of standard stars have been selected from 
coarse clusters, thus permitting estimates or meas 
ures of these bodies to be reduced to a uniform pho 
tometic scale. An investigation of great value has 
been carried out successfully at the Georgetown Col- 
lege Observatory by the Rev. J. G. Hagen, S.J. Al! 
the stars of the thirteenth magnitude and brighter 
have been catalogued and charted in a series of re- 
gions, each one degree square, surrounding varialb!* 
stars of long period. Besides measuring the positiors 
he has determined the relative brightness of the-° 
stars. A sequence has then been selected from ea‘ 
of these regions, and measured at Harvard with t 
twelve-inch meridian photometer, thus permitting : 
to be reduced to a uniform scale. As the photomet 
was first constructed, stars brighter than the seven 
magnitude could not be measured, since they we’ 
brighter than the artificial star and could not be re 
dered equal to it. This difficulty was remedied ! 
inserting a series of shades, the densest of whi 
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red: ed the light by ten magnitudes. By this method, 
the  nge of the photometer may be increased indefin- 
jtel Sirius and stars of the twelfth magnitude have 
bee: -atisfactorily measured in succession. A _ fur- 
ther modification of the instrument permitted sur- 
face o be compared. The light of the sky at night 
and i the daytime, during twilight, at different dis- 
tan from the moon, and different portions of the 
disk  f the latter, have thus been compared. Meas- 
ure xtending over seventeen magnitudes, with an 
ave’ ce deviation of about three hundredths of a 


maz! ‘ude, were obtained in this way. One light 
was us compared with another six million times 
as ight as_ itself. A slight modification would 
per! the intrinsic brightness of the different 
port..os of the sun’s disk to be compared with that 
of faintest nebule visible. By these instruments, 
the -.ale of photometric magnitudes has been carrried 
as far as the thirteenth magnitude. To provide stand- 
ards ior fainter stars, a small appropriation was made 
by e Rumford Committee of the American Acad- 
emy. Co-operation was secured among the directors 
of | Yerkes, Lick, McCormick, Halsted and Har- 
vard Observatories. Similar photometers were con- 
structed for all, in which an artificial star was re- 


duced any desired amount by a photographic wedge. 
Telescopes of 40, 36, 26, 23 and 15 inches aperture, 
including the two largest refractors in the world, 
were ‘hus used in the same way on the same research. 
The standards have all been selected, and nearly all 
of the measurements have been made. This fur- 
nishes a striking illustration of the advantages of co- 
operation and combined organization. When these ob- 
servations are reduced, we shall have standards of 
magnitude according to a uniform scale, for all stars 
from the brightest to the faintest visible in the largest 
telescopes at present in use. The sixty-inch reflector 
of the late A. A. Common has recently been secured 
by the Harvard Observatory. It is hoped that still 
fainter stars may be measured with this instrument. 

We have as yet only considered the total light of a 
star, so far as it affects the eye. But this light con- 
sists of rays of many different wave lengths. In 
red stars, one color predominates, in blue, another. 
The true method is to compare the light of a given 
wave-length in different stars, and then to determine 
the relative intensity of the rays of different wave- 
lengths in different stars, or at least in stars whose 
spectra are of different types. This is the only true 
method, and fortunately spectrum photography per- 
mits it to be done. The Draper catalogue gives the 
class of spectrum of 10,351 stars, and the relative 
brightness of the light whose wave-length is 430, is 
determined for each. In 1891, measures were. pub- 
lished of the relative light of rays of various wave- 
lengths, for a number of stars whose spectra were of 
the first, second, and third types. 

A much simpler, but less satisfactory method, is 
to measure the total light in a photographic image. 
As in the case of eye photometry, this method is 
open to the objection that rays of different colors are 
combined. Blue stars will appear relatively brighter, 
and red stars relatively fainter, in the photograph 
than to the eye. This, however, is an advantage 
rather than an objection, since it appears to furnish 
the best practical measure of the color of the stars. 
Relative photographic magnitudes can be obtained in 
a variety of ways, and the real difficulty is to re- 
duce them to an absolute scale of magnitudes. But 
for this, photographic might supersede photometric 
magnitudes. In other respects, photography possesses 
all the advantages for this work that it has for other 
purposes, and many photometric problems are within 
the reach of photography which seem hopeless by 
visual methods. In 1857, Prof. George P. Bond, the 
father of stellar photography, showed that the rela- 
tive light of the stars could be determined from the 
diameter of their photographic images. This is the 
method that has been generally adopted elsewhere in 
determining photographic magnitudes, although with 
results that are far from satisfactory. It is singular 
that although this method originated at Harvard, it 
is almost the only one not in use here, while a great 
variety of other methods have been applied to many 
thousands of stars, during the last eighteen years. 
Relative measures are obtained very satisfactorily by 
applying the Herschel-Argelander method to photo- 
graphic images, and if these could be reduced to ab- 

miclute magnitudes, it would leave but little to be de- 
_Sired.} In the attempt to determine absolute magni- 
tudé’ a riety of methods has been employed. The 
simplest is to form a scale by photographing a series 
of images, using different exposures. The image of 
any star may be compared directly with such a scale. 
To avoid the uncertain correction due to the times of 
exposure, different apertures may be used instead of 
different exposures. Another method is to attach a 
smal! prism to the objective. The image of every 
bright star is then accompanied by a second image a 
few minutes of are distant from it, and fainter by a 
Consiant amount, as five magnitudes. Trails may be 
measured more accurately than circular images, and 
trails of stars near the pole have varying velocities, 
Which may then be compared with one another by 
means of a scale. Again, images out of focus may be 
compared with great accuracy and rapidity by means 
of 2 photographic wedge. These comparisons promise 
‘o furnish excellent magnitudes, if they can only be 
reduced to the photometric scale. A catalogue giv- 
ing tte photographic magnitudes of 1.131 stars within 
‘wo degrees of the equator, and determined from their 
(rails was published in 1889. Great care was taken to 
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eliminate errors due to right ascension, so that stand- 
ards in remote portions of the sky are comparable. 
A similar work on polar stars at upper and lower 
culmination determined the photographic absorption 
of the atmosphere, which is nearly twice as great as 
the visual absorption. A catalogue of forty thousand 
stars of the tenth magnitude, one in each square de- 
gree, has been undertaken, and the measures are 
nearly complete for the portion of the sky extending 
from the equator to declination +30 deg. These stars 
are compared, by means of a scale, with the prismatic 
companions of adjacent bright stars. Two measures 
have been made of images out of focus of 8,489 stars, 
including all of those north of declination —20 deg., 
and brighter than the seventh magnitude. This work 
is being continued to the south pole. The most im- 
portant completed catalogue of photographic magni- 
tudes is the “Cape Photographic Durchmusterung,” 
the monumental work of Gill and Kapteyn. 454,875 
stars south of declination —19 deg. are included in 
this work. Unfortunately, the difficulty mentioned 
above, of reducing the magnitudes to an absolute sys- 
tem, has not been wholly overcome, but the work is 
published in a form which will permit this to be done 
later, if a method of reduction can be discovered. The 
extension of this great work to the north pole is one 
of the greatest needs of astronomy at the present 
time. 

The map and catalogue of the Astrophotographic 
Congress, the most extensive research ever under- 
taken by astronomers, will not be discussed here, as 
it will doubtless be described by others better able 
than I to explain its merits. If completed, and if 
the difficulty of reducing the measures of brightness 
to a standard scale can be overcome, it will furnish 
the photographic magnitudes, as well as the positions, 
of two million stars. Time does not permit the con- 
sideration here of certain other investigations of pho- 
tographic magnitudes, such as those made at Gron- 
ingen. They generally relate to a comparatively small 
number of stars. The suggestion that the intensity 
of a photographic star image be measured by the 
amount of light it cuts off from a thermo-pile de- 
serves careful study. It should give a great increase 
in precision, and would eliminate that tool of many 
defects, the human eye. No use seems to have been 
made so far of this method. 

The next question to be considered is, what use 
should be made of these various measures of the 
light of the stars? The most obvious application of 
them is to variable stars. While the greater portion 
of the stars undergo no changes in light that are per- 
ceptible, several hundred have been found whose light 
changes. A natural classification seems to be that 
proposed by the writer in 1880. A few stars appear 
suddenly, and are called new stars, or nove. They 
form class I. Class II. consists of stars which vary 
by a large amount during periods of several months. 
They are known as variable stars of long period. 
Class III. contains stars whose variations are small 
and irregular. Class IV. contains the variable stars 
of short period, and class V. the Algol variables, 
which are usually of full brightness but at regular 
fatervals grow faint, owing to the interposition of a 
dirk companion. Twenty years ago, when photog- 
raphy was first applied to the discovery of variable 
stars, only about two hundred and fifty of these ob- 
jects were known. Since then, three remarkable dis- 
coveries have been made, by means of which their 
number has been greatly increased. The first was 
by Mrs. Fleming, who, in studying the photographs of 
the Henry Draper Memorial, found that the stars of 
the third type, in which the hydrogen lines are bright, 
are variables of long period. From this property she 
has discovered 128 new variables, and has also shown 
how they may be classified from their spectra. The 
differences between the first, second, and third types 
of spectra are not so great as those between the 
spectra of different variables of long period. The 
second discovery is that of Prof. Bailey, who found 
that certain globular clusters contain large numbers 
of variable stars of short period. He has discovered 
509 new variables, 396 of them in four clusters. The 
third discovery, made by Prof. Wolf, of Heidelberg, 
that variables occur in large nebulew, has led to his 
discovery of 65 variables. By similar work, Miss 
Leavitt has found 295 new variables. The total num- 
ber of variable stars discovered by photography dur- 
ing the last fifteen years is probably five times the 
entire number found visually up to the présent time. 
Hundreds of thousands of photometric measures will 
be required to determine the light curves, periods, and 
laws regulating the changes these objects undergo. 

A far more comprehensive problem, and perhaps 
the greatest in astronomy, is that of the distribu- 
tion of the stars, and the constitution of the stellar 
universe. No one can look at the heavens, and see 
such clusters as the Pleiades, Hyades and Coma Bere- 
nices, without being convinced that the distribution 
is not due to chance. This view is strengthened by 
the clusters and doubles seen in even a small tele- 
scope. We also see at once that the stars must be 
of different sizes, and that the faint stars are not 
necessarily the most distant. If the number of stars 
was infinite, and distributed according to the laws 
of chance throughout infinite and empty space, the 
background of the sky would be as bright as the sur- 
face of the sun. This is far from being the case. 
While we can thus draw general conclusions, but little 
definite information can be obtained, without accurate 
quantitative measures, and this is one of the greatest 
objects of stellar photometry. If we consider two 
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spheres, with the sun as the common center, and one 
having ten times the radius of the other, the volume 
of the first will be one thousand times as great as 
that of the second. It will, therefore, contain a 
thousand times as many stars. But the most distant 
stars in the first sphere would be ten times as far 
off as those in the second sphere and accordingly if 
equally bright would appear to have only one hun- 
dredth part of the apparent brightness. Expressed 
in stellar magnitudes, they would be five magnitudes 
fainter. In reality, the total number of stars of the 
fifth magnitude and brighter is about 1,500; of the 
tenth magnitude, 373,000 instead of 1,500,000, as we 
should expect. An absorbing medium in space, which 
would dim the light of the more distant stars, is a 
possible explanation, but this hypothesis does not 
agree with the actual figures. An examination of the 
number of adjacent stars shows that it is far in 
excess of what would be expected if the stars were 
distributed by chance. Of the three thousand double 
stars in the “Mensure Micrometrice,” the number of 
Stars optically double, or of those which happen to be 
in line, according to the theory of probabilities, is 
only about forty. This fact should be recognized in 
any conclusions regarding the motions of the fixed 
stars, based upon measures of their position with 
regard to adjacent bright stars. 

We have here neglected all conclusions based upon 
the difference in composition of different stars. Pho- 
tographs of their spectra furnish the material for 
studying this problem in detail. About half of the 
stars have spectra in which the broad hydrogen lines 
are the distinguishing feature. They are of the first 
type, and belong to class A of the classification of the 
Henry Draper Memorial. The Milky Way consists so 
completely of such stars that if they were removed 
it would not be visible. The Orion stars, forming 
class B, a subdivision of the first type in which the 
lines of helium are present, are still more markedly 
concentrated in the Milky Way. A large part of the 
other stars, forming one third of the whole, have 
spectra closely resembling that of the sun. They are 
of the second type, and form classes C and K. These 
stars are distributed nearly uniformly in all parts 
of the sky. Class M, the third type, follows the same 
law. Class F, whose spectrum is intermediate be- 
tween classes A and C, follows the same law of dis- 

- tribution as classes G and K, but differs from them, 

if at all, in the opposite direction from class A. There, 
therefore, seem to be actually fewer of these stars 
in the Milky Way than outside of it. One class of 
stars, the fifth type, class O, has a very remarkable 
spectrum and distribution. A large part of the light 
is monochromatic. Of the ninety-six stars of this 
type so far discovered, twenty-one are in the Large 
Magellanic Cloud, one in the Small Magellanic Cloud, 
and the remainder follow the central line of the 
Milky Way so closely that the average distance from 
it is only two degrees. All of these stars, with the 
exception of sixteen, have been found by means of the 
Henry Draper Memorial. 

It will be seen from the above discussion that stel- 
lar photometry in its broadest sense furnishes the 
means of attacking, and perhaps of solving, the great- 
est problem presented to the mind of man—the struc- 
ture and constitution of the stellar universe, of which 
the solar system itself is but a minute and insigni- 
ficant molecule. 


LUMBERING IN FOREST RESERVES. 


FrepeRAL forest reserves ar@ now fixed facts. It is a 
serious thing to withdraw from settlement, as the gov- 
ernment has done, some 63,000,000 acres of land. But 
when the character of this land is understood, and the 
purposes the reservations will accomplish are known, 
it will be generally recognized that the area permanent- 
ly reserved will serve the public best under forest 
cover. Its topography and soil unfit it for agriculture, 
but it is admirably suited to tree growth. Wisely ad- 
ministered, it will continuously furnish an immense 
timber output, while its influence in conserving the 
water supply for vast dependent agricultural areas 
will prove of inestimable value. 

Without the establishment of reserves, proper con- 
trol of the public forests is impossible. The present 
free use of timber is being greatly abused, and there is 
practically no management of these vast resources and 
no income from them, unless the timber and land are 
both sold outright and together. After the establish- 
ment of a reserve settlers within its boundaries and 
those living in its neighborhood are allowed, within 
definite and reasonable restrictions, free use of timber 
actually necessary for their domestic needs. The great 
change for the better, however, is that the reserve 
laws provide for the sale of timber in small or large 
quantities to persons both in and outside the reserve. 
Thus the forests can be made self-supporting, and 
through funds created in this way they can be pro- 
tected from fire and be made more productive and 
useful. 

But in making these sales the future of the forest is 
more considered than the money return from the tim- 
ber cut. Hence the sales are strictly guarded by 
bonded contracts between the individuals and the gov- 
ernment, The contracts specify the amount of tim- 
ber bought and the price to be paid, limit the area 
and time of cutting, prescribe simple and practical 
regulations to guard against fire, and cover all es- 
sential relations between the contracting parties pend- 
ing the completion of the contract. No trees can be 
cut except those previously marked by a government 
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official. Under such contracts millions of board feet 
of lumber are annually being cut from the reserves, 
to the improvement of their condition. 

It is not the government's purpose to maintain the 
reserve forests untouched, but to use and develop 
them. Proper lumbering is as necessary to a produc- 
tive forest as protection. Mature or ripe trees should 
be cut not only for the same reason that wheat or 
corn is, to save and utilize the product, but also to 
promote reproduction. Agricultural crops require sow- 
ing or planting each year, but forests, properly thin- 
ned by cutting, reproduce themselves and furnish a 
continuous crop. That this work may be effectively 
accomplished there must be protection from fires, and 
proper conditions for tree growth must be maintained. 
Important among these conditions is the demand of 
trees for room and sunlight. The young growth must 
be neither crowded nor shaded out. Thus, for the 
best results In reproduction the mature trees should 
be cut, and the dead and diseased timber should be 
disposed of as rapidly as possible. 

Lumbering, however, as heretofore conducted, has 
had little concern for the effect of its operations on 
the forest. The immediate purpose was limited to get- 
ting out the valuable timber quickly, and little or no 
attention was given the damage to young growth, neces- 
sarily resulting from reckless tree cutting. Reserve 
management will stop reckless lumbering. The future 
welfare of the public forests depends on wise regula- 
tion of lumbering under such expert control as only 
the trained forester can exercise. This control must 
prevent injury to young growth from tree felling, 
must provide for thinning the forest so as best to as- 
sist reproduction, must where necessary resort to tree 
planting to rebuild the forest, and, most important of 
all, must prevent or quickly suppress all fires. None 
of these ends can be successfully attained while the 
forests remain public lands under no apparent control. 
Putting them under reserve is reclaiming them from 
an unguarded and unproductive state. It is the first 
step in putting them to their best use, through which 
lumbering and all industries depending on them will 
most permanently and largely thrive. 


(Concluded from SuprLement No. 1516, page 24297.) 


ON THE MODERN REFLECTING TELESCOPE, AND 
THE MAKING AND TESTING OF OPTICAL 
MIRRORS.* 


By G. W. Rircuey. 
XVIL, A MOUNTING FOR A LARGE REFLECTING TELESCOPE. 


In considering the requirements for a modern re- 
flector mounting for photographic and spectroscopic 
work, the writer can probably not do better than to 
describe the designs for the proposed mounting of the 
5-foot reflector. These designs are the result of ex- 
perience both in optical work and in the use of the 2- 
foot reflector and the 40-inch refractor of the Yerkes 
observatory in astronomical photography. 

With the present great improvements in the ma- 
terials and methods of machine construction there is 
no longer any excuse for unstable and inconvenient 
mountings for reflectors. The focal length of modern 
reflectors intended for photography is short; the ratio 
of aperture to focal length generally used in such in- 
struments will probably be not greater than as 1 to 4, 
nor less than as 1 to 6; with such ratios the mounting 
can be made extremely compact and rigid. By the ad- 
dition of a small convex mirror the equivalent focal 
length can be increased from three and one-half to five 
times, and fine definition retained; when this is done 
the actual length of the tube is less than when the tele- 
scope is used at the primary focus. 

The reflecting telescope defines well only at or near 
the optical axis; hence the mirrors must remain in 
perfect adjustment with reference to each other and 
to the eyepiece or photographic plate, in all positions 
of the telescope which can occur in use. Not only must 
the mirror supports be such as to define the position of 
the mirrors rigorously always, as described in the pre- 
ceding chapter, but the short tube must be excessively 
strong and rigid so that no sensible flexure can occur. 
This is especially necessary when the telescope is used 
as a Cassegrain, or as a coude; for when these forms 
are employed it is only when the axes of the paraboloid 
and hyperboloid coincide that fine definition can be se- 
cured. When the necessity of these conditions is 
fully realized by makers and users of reflectors, a 
marked advance in the usefulness of reflecting tele 
scopes will result. It was the lack of such rigidity 
and of such permanence of adjustments, fully as much 
as the lack of means of rigorously testing the optical 
surfaces, which made the old Cassegrain reflectors, in- 
cluding the great Melbourne instrument, such lament- 
able failures. I consider the failure of the Melbourne 
reflector to have been one of the greatest calamities 
in the history of instrumental astronomy; for by de- 
stroying confidence in the usefulness of great reflecting 
telescopes, it has hindered the development of this type 
of instrument, so wonderfully efficient in photographic 
and spectroscopic work, for nearly a third of a century. 

When the telescope is to be used for photography, 
cither direct or spectroscopic, it is indispensable that 
the mounting be so designed that reversal is not neces- 
sary when passing the meridian; for it is frequently 
necessary to expose for six or eight hours without 
reversal, on faint objects; and the best part of such an 
exposure is that in which the celestial object is near 
the meridian. Several forms of reflector mounting 
have been devised in which reversal is not necessary: 


* Reprinted from vol. xxxiv, Smithsonian Contributions to Knowledge, 
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the well-known English closed-fork mounting is one 
of them. 

In designing the proposed mounting of the 5-foot 
reflector of the Yerkes Observatory, of twenty-five feet 
focal length, the writer has adopted the form in which 
a short open fork is used at the upper end of the polar 
axis. The tube hangs between the arms of this fork, 
being carried on two massive trunnions; the heavy 
lower end of the tube is so short that it can swing 
through, between the arms of the fork, for motion in 
declination. 

The fork mounting presents several marked advan- 
tages with respect to compactness and stability, as well 
as convenience and economy, over all forms which are 
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be about twenty tons. On account of this great weigh 


and also of the overhang of the fork above the bearin; . 


of the polar axis, an efficient anti-friction apparatus [{: 
the polar axis is demanded, which will at the san 
time relieve the effect of the overhanging weight of t! 
upper end of the polar axis. The advantages afforde | 
for this purpose by mercury flotation, when this 
properly applied, are so great, and the mechanical <:- 
tails for such flotation work out so simply and econon - 
ically, that this method will undoubtedly be used. 

The proposed mounting will now be briefly describe 
in detail, and attention will be called to many point. 
which are indispensable to the success of a reflectin.; 
telescope to be used for photography. 


Piatse VIII.—DESIGN FOR MOUNTING OF FIVE-FOOT REFLECTING TELESCOPE. 


modifications of the German equatorial mounting, in 
which the tube is carried out at one side of the equa- 
torial head. The tube, carrying the great weight of 
the mirror and its cell, is here supported at two op- 
posite sides, instead of from one side only, as in the 
German forms; no heavy counterpoises are required; 
this form is much better adapted for the coude arrange- 
ment of mirrors, so essential in work with very large 
spectroscopes, only three reflections in all being neces- 
sary for this arrangement; furthermore, when the 
instrument is used at the primary focus, the upper end 
of the tube is more easily accessible, in all positions 
of the instrument, from an observing carriage attached 
to the inside of the dome. 

The weight of the moving parts of the telescope will 


The equatorial head consists of three iron castinss, 
the triangular base-plate m, Plate IX, and the two 
posts n and 0, which carry the bearings for the polar 
axis! Both posts are hollow, with walls 1% inch 
thick, and are bolted and pinned to the base casting; 
the post n contains the large driving clock. 

The polas axis p is of hydraulic-forged steel, wit! 4 
head or flange q, 48 inches in diameter and 7 inches 
thick, forged upon it; the axis is 141-3 feet long over 
all, is 20 inches in diameter for a distance of 2 feet '¢- 
low the head, and is 16 inches in diameter for the re 
maining 11 2-3 feet of its length; the axis is hollow, 
with walls 4% inches thick. The bearings of the po ar 
axis are of hard Babbitt metal, and are halved. 

Attached to the lower surface of the 4-foot head of 
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‘ins the .olar axis is the large hollow disk or float r, 10 responding trough s is of cast-iron and is turned true 
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Park X.-LARGE DOUBLE-SLIDE PLATE-CARRIER ATTACHED TO 40-INCH REFRACTOR ; 
YERKES OBSERVATORY. 
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displaces about 45 cubic feet of mercury, which thus 
floats about nineteen tons, or 95 per cent of the weight 
of the moving parts of the telescope. The center of 
flotation is vertically below the center of weight of the 
moving parts. Only three-quarters of a cubic foot of 
mercury is required to float nineteen tons in this man- 
ner. 

The importance in astronomical photography of the 
Smoothness of motion afforded by really efficient flota- 
tion of the moving parts cannot be overestimated. The 
great size of the worm-wheel ¢, which rotates the polar 
axis, will materially assist in giving smoothness and 
accuracy of driving; this worm-wheel is 10 feet in 
diameter. 

Attached to the upper surface of the 4-foot head 
of the polar axis, by means of a circle of 2-inch bolts, 
is the large cast-iron fork u, different views of which 
are shown in Plate IX and Fig. 22, Plate VIII. The ex- 
treme outside width of this fork is 81-3 feet; it is of 
hollow or box section, with walls averaging 1% inches 
thick; it weighs about five tons. 

Between the two arms of the fork hangs the short 
round cast-iron section v of the tube; two 7-inch steel 
trunnions, having large heads or flanges, are bolted 
to this casting, and turn in bronze bearings at the 
upper ends of the fork arms; this part of the tube is 
46 inches long; its inside diameter is 70 inches; its 
thickness is 1 inch; it is reinforced at top and bottom 
by flanges. To the lower flange is connected the cell- 
plate (described in the preceding chapter) which car- 
ries the large mirror and its support-system. 

To the upper flange of the short cast-iron section of 
the tube is bolted a strong cast-iron ring which forms 
the lower end of the main or permanent section of 
the octagonal skeleton tube; this section is 13 feet 11 
inches long, and 6 feet 8 inches outside (diagonal) 
diameter. It is constructed of eight 4-inch steel tubes, 
connected by strong rings designed to resist compres- 
sion; diagonal braces, which are connected together at 
all intersections, greatly increase the rigidity of the 
structure. This entire section is so rigid that it can 
be placed in a large lathe for facing the ends parallel 
to each other, and for turning a slight recess in the 
ends for the purpose of accurately centering the parts 
which are to be connected to them. 

To the upper end of the permanent section of the 
skeleton tube can be attached any one of three short 
extension tubes or frames, as desired; two of these are 
shown in Plate IX. The lower end of each extension 
is turned true, with a projecting ring which fits into 
the turned recess in the upper end of the permanent 
section. With this arrangement the various extensions 
can be removed and replaced without sensibly affecting 
the adjustments of the mirrors and other apparatus 
which they carry, with reference to the optical axis 
of the large mirror. 

The extension which is shown in place on the tele- 
scope in Plate IX and in Fig. 23, Plate VIII, is the long- 
est one; it is 6 feet 11 inches long; it is used for all 
work at the primary focus of the telescope; it car- 
ries the diagonal plane mirror and its supports, and 
the eyepiece and double-slide plate-carrier. This ex- 
tension can be rotated upon the turned end of the per- 
manent section, so that the eyepiece or photographic 
apparatus can be brought to the side of the tube which 
is most convenient for observing or photographing a 
given object. The diagonal plane mirror is of the finest 
optical glass, is elliptical in outline, is 15 x 22 inches 
in size, and is 3% inches thick; it is carried in a strong 
cast-iron cell, which is supported from the skeleton 
tube by four thin steel plates, as shown in Plate IX. 
The diagonal plane mirror is sufficiently large to fully 
illuminate a field 7 inches in diameter at the primary 
focus. The double-slide plate-carrier is designed for 
64% x 84-inch photographic plates. 

The other two extensions of the tube, which are only 
about 2 feet long, are employed when the telescope is 
used as a Cassegrain and as a coude respectively; each 
carries a convex mirror 19 inches in diameter and 3 1-6 
inches thick, of the finest optical glass, and of the 
proper curvature for the purpose desired. 

Figs. 24 and 25, Plate VIII, show the telescope used 
as a Cassegrain. In these cases the amount of ampli- 
fication introduced by the convex mirror is about 31.5 
diameters; the equivalent focal length is therefore 
about 87% feet, and the ratio of aperture to focal 
length as 1 to 17%. Fig. 24 shows the telescope as 
used for direct photography with the double-slide 
plate-carrier at the secondary focus. In Fig. 25 a 
spectrograph similar to the Bruce spectrograph of 
the Yerkes Observatory is shown attached to the north 
side of.the short cast-iron section of the tube; this 
affords a most stable base of support for the spectro- 
graph, at a point where it can be easily counterpoised. 

Figs. 26 and 27, Plate VIII, illustrate the use of the 
telescope as a coude; the curvature of the convex mir- 
ror is now such that the equivalent focal length is 
about 125 feet. The cone of rays from the convex mir- 
ror strikes a diagonal plane mirror at the intersection 
of the polar and declination axes, and is by it reflected 
in a constant direction, which can be toward either the 
north or south pole of the heavens, as desired. This 
arrangement is almost indispensable when extremely 
large and powerful spectroscopes and other kinds of 
physical apparatus are to be used with the telescope; 
the focus is now in a constant position, so that such 
instruments need not be attached to the telescope, but 
can be mounted on stationary piers, in constant tem- 
perature rooms, if desired. 

A brief description of the mechanism for quick-mo- 
tion and slow-motion in right ascension and declina- 
tion should be given. These are planned to be entirely 
electrical, although hand-motions are added, to be used 
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in case of an emergency. Quick-motion in right ascen- 
sion, both east and west, is given by the reversible 
motor w,; this is connected by gearing to the large bev- 
el-gear « through the medium of an electric clutch y. 
The bevel-gear + is permanently fixed to the polar axis. 
When the switch which starts the motor is thrown in, 
the electric clutch y acts, and a motion of rotation is 
communicated to the polar axis; this rotation is only 
at the rate of 45 degrees per minute; this is sufficient, 
since reversal is never necessary; hence very little 
power is required, The clutch is so adjusted that it 
will slip when even slight undue resistance is encoun- 
tered. When the current is shut off from the motor 
the clutch is released automatically; the polar axis is 
then free from the motor and gear-train. 

Quick motion in declination is given in a manner 
entirely similar to that in right ascension, by a small 
reversible motor attached directly to the large cast- 
iron fork; this motor drives, through the media of a 
gear-train and an electric clutch, the toothed sector 2, 
which is permanently fixed to the cast-iron section 
of the tube 

The driving-clock and 10-foot worm-wheel are 
“clamped in” to the polar axis, when desired, by the 
electric clamps / which lock the 10-foot worm-wheel to 
the bevel-gear rc; the former is of course free to turn 
on the polar axis when not thus clamped. 

Slow-motion in right ascension is given by means of 
a small reversible motor which acts on a set of differ- 
ential gears in the shafting connecting the driving- 
clock and the driving-worm. This device is used on 
the 2-foot reflector and on the 30-inch c@lostat, and is 
extremely simple and effective 

Slow-motion in declination is given by means of a 
small reversible motor which acts on the long sector 
attached to the upper trunnion shown in Fig. 22, 
Plate VIII. 

In concluding this necessarily brief and incomplete 
description of a modern reflector mounting, attention 
should be called to an attachment which is absolutely 
indispensable for the best results in direct photography 
of all celestial objects requiring long exposure. I refer 
to the double-slide plate-carrier, by means of which 
hand-guiding or correcting for the incessant small ir- 
reguiar movements of the image, which are nearly 
always visible in large telescopes, can be done in- 
comparably more accurately and quickly than by any 
other means now known. This device is due to Dr. 
Common, who described it in Monthly Notices, Vol. 
19, p. 297. In 1900 the writer designed and constructed 
a small attachment of this kind for use with the 40- 
inch refractor and the 2-foot reflector: this attachment 
and its use are described in the Astrophysical Jour- 


nal for December, 1900, p. : 

A photograph of the central parts of the Andro- 
meda Nebula was made by the writer with this 
small plate-carrier attached to the 2-foot reflector. 
The exposure time in this case was four hours. The 
images of the fainter stars on the original negative are 
only two seconds of are in diameter: stars are shown 
which are more than a magnitude fainter than the 
faintest stars which can be detected visually with the 
40-inch refractor: intricate structure and details are 
shown in the nebulosity, which are entirely invisible 
with the 40-inch refractor and all other visual instru- 
ments, and which have never been photographed before. 
When it is remembered that the focal length of the 
2-foot reflector is only 93 inches, and that the aperture 
was in this case reduced to 18 inches, in order to se- 
cure a larger field than is well covered when the full 
aperture is used, some idea can be gained of the re- 
sults which could now be obtained in celestial pho- 
tography with a modern reflecting telescope which 
would compare in size, cost, and refinement of work- 
manship with the great modern refractors. 

In Plate X is shown the large double-slide plate-car- 
rier, taking 8 x 10 inch plates, which was constructed 
from the writer's designs in 1901, for use with the 
40-inch refractor; the plate carrier is here shown con- 
nected to the eye-end of the great telescope. A de- 
scription of this attachment, together with some pho- 
tographs obtained with it, will be found in the “Pub- 
lications of the Yerkes Observatory,” Vol. II, p. 389. 

CONTEMPORARY ELECTRICAL SCIENCE.* 

Errect or Rapium Rays ON METALLIC ConpUCcTION.— 
J. Trowbridge and W. Rollins point out that, owing 
to the peculiar properties of radium rays, we are at 
last in a position to decide the question as to whether 
radiant energy exhibiting light and passing through 
a metal can affect the passage of a current of elec- 
tricity, as it already does in a gas by ionization. They 
made the following experiment: A meter of alumin- 
ium wire was wound in five turns round a thick sheet 
of lead, which was 8 centimeters in length and 1 
centimeter in width. The wire was wound round the 
longest dimension of this shuttle-like piece of metal, 
and was insulated from it by thin sheets of vulcanite. 
The electric current, therefore, passed in one direction 
along the upper layer of the wire, and in the opposite 
direction along the lower layer. The lead intervening 
between the upper and lower layer could serve to con- 
fine the radiations from suitably placed radium either 
to the upper or the lower layer of wire. The lead 
shuttle, with its layer of wire, was inclosed in a lead 
eylinder, and a specimen of pure radium bromide was 
inclosed at one end of the layers of wire, so that its 
enamations could sweep along the upper or the lower 
layer of this wire. A lead diaphragm could be used 
to shut off the entire effects of the radium from the 
wires. As a result, no instantaneous effect was ob- 


* Compiled by E, E, Fournier d’Albve in the Electrician. 
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served; a very slight creeping deviation of the gal- 
vanometer mirror came after a considerable interval 
of time, which might have been due to change of 
temperature. It could not be ascribed with reason 
to the presence of radium. The light from the radium 
could be seen through a slab of iron i inch thick, yet 
this manifestation of energy passed through the alu- 
minium without any apparent effect upon the mech- 
anism of the electric current. The authors suggest 
that this negative result goes to support the theory 
that the mass of the electron is altogether apparent.— 
Trowbridge and Rollins, American Journal of Science, 
July, 1904. 


Tut Exvecrron Turory.—W. Wien shows that the 
assumption that the electrons are not spheres, but 
Heaviside ellipsoids, not on'y satisfactorily explains 
Michelson and Morley’s other experiment, but also 
supplements his own theory of radiation by electrons. 
According to Heaviside, the surface of an electric 
charge which is a sphere while at rest becomes in mo- 
tion an ellipsoid whose axes are in the ratio 


where c is the velocity of light and v is the veloc- 
ity of the electric charge. An electron will, there- 
fore, only be a sphere when it is at rest. After being 
set in motion with respect to the ether it will assume 
a shape whose flatness increases with the velocity, and 
which becomes a circular disk when its velocity is that 
of light. This conception at once eliminates all the 
well-known difficulties of an electron moving with 
the velocity of light or a greater velocity, for the 
velocity of light is the greatest possible speed of the 
electron, since its shape becomes unstable as soon as 
that speed is exceeded. Another point of view newly 
introduced by this conception lies in a possible hys- 
teresis between the velocity acquired by the electron 
and its corresponding change of shape. Such an hys- 
teresis or retardation might have to be considered in 
an accurate theory of Réntgen rays. In any case, the 
new theory will bring us considerably nearer the re- 
duction of mechanics to electro-magnetic principles.— 
W. Wien, Physikalische Zeitschrift, July 15, 1904. 

Quast Rapto-activity Propucep by Point DIscHARGE. 
—Sella has shown that when a metallic body is con- 
nected to one terminal of an electrostatic machine, 
and made to face a series of points connected with 
the other terminal of the machine, and the discharge 
passed without sparking between them for, say, an 
hour, the body acquires an induced radio-activity if 
the discharge has taken place in fresh air, and not 
the air of a room closed for some time, while the pres- 
ence near the body of thorium during the discharge 
greatly enhances this radio-activity. S. A. Edmonds 
has undertaken experiments to discover the origin of 
this activity. He fixed a series of disks made of alu- 
minium, lead, copper, zinc, iron, and brass first to 
the terminal of a six-plate Wimshurst machine and 
then to a wire connected with an electrometer to meas- 
ure the radio-activity. On the face of each disk after 
a discharge was seen a deposit which was darker at 
the places immediately opposite the points and very 
light at intermediate places. Tests made on this de- 
posit showed the presence of slight traces of iron 
when needles were used as points, the “Prussian blue” 
precipitate being obtained, while, when other metals— 
copper, brass—were used, very faint traces of their 
presence were obtained from the various deposits pro- 
duced by them. It was noticed that with slight de- 
posits the activity was less than was the case with 
denser deposits, while, in one case, on accidentally 
wiping off the deposit, very little activity was found 
at all, which suggested that the deposit was in some 
way responsible for this radio-activity. These experi- 
ments show that this quasi radio-activity, produced 
by the action of the point discharge, is due to the 
presence of dust particles in the air. These dust par- 
ticles come into contact with the stream of ions pres- 
ent, moving from the points to the plane carrying the 
discharge, and, when they become deposited on the 
plane, trap some of these ions, and hold them, so that 
they can only enter very slowly indeed into the metal 
of the disk under the force of attraction they expe- 
rience by virtue of the charges carried by them: The 
disk thus has a film of ions held in the dust deposit 
on its surface, so that, if it be placed in the testing 
vessel and raised to the potential employed in the 
experiments, the electric field produced will act upon 
the ions thus trapped and increase their energy, thus 
enabling them either to go out from the disk and 
into the electrode facing it, thereby increasing the 
charge in the electrometer, or else to go into the 
metal of the disk, and so show no external effects.— 
S. A. Edmonds, Proceedings of the Cambridge Philo- 
sophical Society, August 19, 1904, 


ANALOGIES Between Raptum Rays aNp N-rRays.—J. 
Becquerel has discovered some remarkable resem- 
blances between the penetrating radium rays and N- 
rays on the one hand, and between the non-deflected 
“polonium” rays and the N’-rays on the other. These 
analogies appear in their respective behavior to a sul- 
phide screen. Both the tormer make the screen emit 
secondary N-rays, which stimulate the visual faculty, 
while the latter reduce the visibility of a cross or 
patch of the sulphide. That the sulphide emits N-rays 
under the influence of the radiation from uranium 
salts may be shown by the following experiment: A 
cone of aluminium, such as is used for concentrating 
N-rays, is placed over some uranium salt. A sulphide 
screen placed at the apex then becomes slightly more 
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visible, owing to the influence of the most penetrating 
rays. If now a little of the phosphorescent sulphide 
without being artificially excited, is brought near the 
uranium salt, the screen at the apex becomes much 
more distinct, owing to the N-rays emitted by the sul 
phide below. That the N-rays emitted are secondary 
is proved by the fact that the effect upon the eve is 
almost completely intercepted by distilled water, but 
not by salt water. The reverse effect was observed 
by means of a preparation of active bismuth contain 
ing polonium, and having an activity of 60. On bring 
ing the polonium near a small luminous cross of ¢al- 
cium sulphide, the luminosity of the cross was consid- 
erably reduced. This was, however, only the case with 
the heavy a-rays of polonium. On stopping up the 
bottle containing the preparation and again exposing 
the screen near the wall of the bottle, it was found 
that the luminosity was increased, owing to the action 
of the penetrating /-rays, which are already known to 
increase the phosphorescence of a sulphide screen. The 
author dwells upon the great importance of the phos- 
phorescent screen as a detector of radiations. It gives 
a reaction where photography fails to show anything, 
and where even the electroscope shows no effect. He 
suggests that the increase of luminosity may in many 
cases be due to (/rays hitherto undiscovered. He 
promises further analogies between N-rays and Bec- 
querel rays.—.J. Becquerel, Comptes Rendus, July 4, 
1904. 

Rapio-actTiviry AND Lire.—.J. J. Taudin Chabot makes 
some striking speculations on certain analogies shown 
by the phenomena of radio-activity with ebullition on 
the one hand and with the decompositions accompany- 
ing, say, the life of albumen, on the other. The atoms 
of radio-active substances are in a state of unstable 
equilibrium. Some of them, every now and then, pass 
abruptly into the next state. The passage amounts to 
an explosion, although it differs from ordinary explo- 
sions in not necessarily tending to the simultaneous 
explosion of all the other atoms around. A somewhat 
similar phenomenon is presented by a boiling liquid, 
where certain portions of the gasified liquid suddenly 
burst out from the interior, producing vortices in the 
liquid and taking portions away with them in the 
form of spray. The vortices would correspond to the 
y-rays, the gas and the spray to the /-rays and a-rays 
respectively. Some striking analogies to the behavior 
of the emanations and the rare gases such as argon and 
helium are offered by nitrogen, which is a constituent 
of nearly every explosive substance. Among the com- 
pounds of nitrogen, cyanogen, CN, deserves special con 
sideration on account of its importance in the decom- 
position of albumen. All the nitrogenous compounds 
resulting from the decomposition of albumen contain 
cyanogen. This has a high internal energy and is 
therefore extremely unstable. Pfliiger believes it to 
be a constituent of all livirfg matter, and calls cyanic 
acid a “semi-living”’ molecule. The presence of oxygen 
increases the instability of the cyanogen compounds, so 
that, as in the case of the emanations, the least. im- 
pulse suffices to make the living molecule “explode” 
and produce carbonic acid, as radium produces helium. 
The transformation of albumen under the influence of 
oxygen takes place according to an exponential law, as 
does the decay of radio-activity. Like the radio-active 
substances, albumen has a limited and predetermined 
life. The phenomena of life would thus become in 
principle identical with those of radio-activity, and an 
equally necessary result of known causes, but of a 
much wider scope in nature.—J. J. Taudin Chabot, 
Physikalische Zeitschrift, October 1, 1904. 

EFrrect oF SCREENING on lIontzatTion.—A. Wood has 
made an attempt to discover the causes of the so-called 
spontaneous ionization of the gas contained in a closed 
vessel. Wilson and Strutt ascribe it to a primary radia- 
tion of the material of the walls, whereas McLennan 
and Rutherford and Cooke have shown that the ioniza- 
tion is also to some extent due to a very penetrating 
radiation from without which passes through the 
walls of the: vessels. The author argues that if the 
latter is the chief agency at work, it must be possible 
to intercept it entirely or partly by screen. He there- 
fore surrounded vessels of lead, tin, iron, aluminium, 
and zine with a lead screen, 1.3 centimeters thick, and 
noted the reduction of spontaneous ionization thus 
produced. It amounted to 23 per cent in tin, iron, and 
zine, and to about half that in lead and aluminium. 
When’ an iron screen was substituted for the lead 
screen, “the proportionate reduction remained about 
the same, except that tin ranged itself among the 
metals" which are less subject to the screening effect. 
The ‘author concludes that a considerable part of 
the Spontaneous ionization, being unaffected by the 
screening, is produced by a radiation from the walls. 
This “intrinsic” radiation is great in lead and alumi- 
nium and small in iron, zine, and tin—A. Wood, Pro- 
ceedings of the Cambridge Philosophical Society, '2, 
Part 6, 1904. 


EVotutTion oF Structure.—G. Cartaud 
ports having found traces of a cellular structure 
the soft metals lead, tin, and zinc, which he has + 
ceeded in polishing and etching. Lead, which is le 
most difficult to polish, also presents the most decisi’ 
evidence of cellular structure. When attacked by 
ric acid dissolved in acetone it shows a complet«ly 
closed microscopic network of cells. There is, how 
ever, evidence to show that this network is shown UP 
by a kind of development, and is but the relic of 
actual structure in what might be called the embry« 
stage. Apart from this small cellular network, thre 
is a much larger crystalline network which indica.°s 


- 
I 
fe 
pi 
ic 
hi 
an 
col 
lay 
En 
Cc 
wor 
nur 
are 
kno 
Stro 
Zan 
hor 
ity 
Live 
peri 
be 
: tho 
asp 
pou 
tar 
tho 
Coal 
Seif 
thay 
che; 
by 
4 rol 
for 
an 
ine 
& dur 
sol 
Pri 
The 
Ving 
llse 
elas 


led 
posed 
idia- 
nan 
1iza- 
ting 
the 
the 
sible 
nere- 
jum, 
and 
thus 
and 
jum. 
lead 
bout 
the 
ffect. 
t of 
the 
valls. 
lumi- 
Pro- 


+9 


J ovary 28, 19@5. 


the stage of the solidification. The lines of this 


net\ are straight and freely intersect the waving 


line the cellular network, The author compares 
the: jines drawn along the course of a river, but so 
as dicate the general or average course. The 
erys ation follows the original or embryonic lines, 
but ifies them. When an ingot is deformed and 
ther vealed the relation between the crystalline and 
the « ar networks disappears.—G. Cartaud, Comptes 
Ren \ugust 16, 1904. 


TRADE NOTES AND RECIPES. 
Polish — 
\ 2 ounces 
cipitated chalk 4 ounces 
isi. artrate potassii 4 ounces 
ter, q. Ss. to make a paste—Fundgrube. 
To lean Sponges.—Rinse first well in very weak 


war! austic soda lye, then with clean water, and 
final! jeave the sponges in solution of bromide in 
water (ill clean. They will whiten sooner if exposed 
to the sun in the bromine water. Then repeat the 
rinsings in weak lye and clean water, using the latter 
till all smell of bromine has disappeared. Dry as 
quickly as possible, and in the sun if it can be done.— 


Augsburg Seifensieder Zeitung. 
To Fix Metal to Wood Without Nails.—In order to 


fasten metal to wood without the use of nails or 
screws, the metal parts are roughened by the use of 
dilute sulphurie acid. As soon as the metal has been 
wiped dry, it is glued on with the best joiner’s glue to 


which a little glyeerine has been added. This process 
is nol only adapted for small plates or slabs, but also 
larger ones, but care must be taken that they touch 
the finely roughened wood surface evenly throughout. 
—Neueste Erfindungen. 


Production of French Harness Dressing.—A French 
harness dressing of good quality consists of oil of tur- 
pentine 900 parts, yellow wax 90 parts, Berlin blue 
10 parts, indigo 5 parts, and bone black 50 parts. Dis- 
solve the yellow wax in the oil of turpentine with the 
aid of moderate heat in a water bath, mix the remain- 
ing substances, which should previously be well pulver- 
ized, and work them with a small portion of the wax 
solution. Finally, add the rest of the wax solution, 
and mix the whole well in the water bath. When a 
homogeneous liquid has resulted, pour it into earthen 
receptacies.—Neueste Erfindungen. 


Removing Paint and Varnish from Wood.—The fol- 
lowing compound is given as one which will clean 
paint or varnish from wood or stone without injuring 
the material: Pounds or ounces. 


160 
5 


This mixture is applied to the surface and left on 
for some time. It is then brushed off, and brings the 
paint away with it. It keeps moist quite long enough 
lor it to be easily removed after it has acted.—Revue 
des Produits Chimiques. 

Paper Barometers, or more correctly indicators of 
humidity, are produced as follows: 

Soak blotting paper with a solution of— 


Calcium chloride ............... 4.5 


and dry. 

The various colors of the paper indicate the degree 
of moisture contained in the atmosphere, viz.: Rose 
color, rain; pale red, very humid; bluish red, humid; 
lavender blue, almost dry; blue, very dry.—Neueste 
Enfindungen. 


Carbolineum.—This is a liquid intended to preserve 
wood from mold and dry rot. It is so effectual that 
numerous worthless imitations under the same name 
are upon the market, so that it is of importance to 
know how to make the real article, one which will de- 
Stroy the albuminous matter of the wood and the or- 
ganisms which feed on it, so there are neither germs 
hor food for them if there were any. The specific grav- 
ily of a carbolineum should exceed 1.105, and should 
Sive the wood a fine brown color. It should, too, be 
perfectly waterproof. The three following recipes can 
be absolutely relied on: 1. Heat together and mix 
thoroughly 95 pounds of coal-tar oil and 5 pounds of 
asphalt trom coal tar. 2. Amalgamate together 30 
pounds of heavy coal-tar oil, 60 pounds of crude wood- 
tar oil, and 25 pounds of heavy rosin oil. 3. Mix 
thoroughly 3 pounds of asphalt, 25 pounds of heavy 
coal-tar oil, and 40 pounds of heavy rosin oil.—Wiener 
Seifensieder Zeitung. 


Elastic Glue.—Although elastic glue is less durable 


than rubber, and will not stand much heat, yet it is 
cheaper than rubber, and is not like rubber affected 
by oil colors, Hence it is largely used for printing 
rollers and stamps. For stamps, good glue is soaked 
for 21 hours in soft water. The water is poured off, 
and the swollen glue is melted and mixed with glycer- 
‘ne and « little salicylic acid, and cast into molds. The 
@urabi ty is increased by painting the mass with a 
Solutio: of tannin, or better, of bichromate of potash. 
Printins rollers require greater firmness and elasticity. 
The n for them once consisted solely of glue and 
vinegar, ond their manufacture was very difficult. The 
use of cerine has remedied this, and gives great 
elastic without stickiness, and has removed the 
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liability to get moldy. Swollen glue, which has been 
superficially dried, is fused with glycerine and cast 
into oil molds. Similar mixtures are used for casting 
plaster ornaments, etc., and give very sharp casts. A 
mass consisting of glue and glycerine is poured over 
the model in a box. When the mold is removed, it is 
painted with plaster outside and with boiled oil inside, 
and can then be used many times for making repro- 
ductions of the model.—Farben Zeitung. 

Glue Testing.—Dr. Kissling is of the opinion that 
the usual methods, viz., either throwing down the 
gluten with tannin or direct determination of the ni- 
trogen present, affords no accurate test of the value 
of a glue. He recommends taking the fusion point of 
the jelly made by soaking the glue in water. He 
states that as regards adhesive power, cheap bone glue 
is the equal of the best leather glue, but for lining 
casks leather glue is better, as the jelly is much firmer. 
The solidity of the jelly depends upon the method of 
manufacture, and the more of the gluten is changed 
into glucose during the processes, the less solid is the 
jeily. The durability of a glue may be judged by its 
smell, and leather glues are more durable than bone 
glues, having less smell. The amount of free and 
combined sulphurous acid present is often very import- 
ant, and leather glues are better in this respect than 
bone glues. The determination of water, fat, or ash is 
of little value. Of late the manufacture of bone glue 
has been greatly improved, and good bone glue is the 
equal of medium leather glue in every respect. Kiss- 
ling says that solidity of the jelly and freedom from 
acid and from smell are the tests of a good glue. 
Mixed glues are to be avoided, for they combine the 
price of leather glues with the nature of bone glues.— 
Farben Zeitung. 


ENGINEERING NOTES. 
At seven o’clock on the evening of 


November 25, 


says the Electrical Review, the New York subway 
had completed twenty-nine days of operation. In that 
time 5,838,235 passengers were carried, not counting 


policemen and firemen, who travel free, or the people 
who travel on passes. These figures do not include the 
traffic of the Lenox Avenue branch, which had been 
running for a few days before that time. A trifle over 
one-fifth of the passengers entered the trains at the 
Brooklyn Bridge, the total number of passengers from 
this station being 1,185,863. The Fourteenth Street 
station contributed 428,318, and the Grand Central 
station 476,670. The average daily traffic, not includ- 
ing the Lenox Avenue branch, was 201,318. The daily 
average receipts were $10,065.90. 

A steam roller is better property for a town to own 
than a stone crusher, for both are purchased at the 
expense of the town, and the stone crusher can only 
be used to crush a small portion of stone each year for 
a main highway or a favored district, and the balance 
of the time is idle, while a steam roller can be used on 
every mile of highway through the entire town, to 
take out the ruts and make the roadway solid after 
turnpiking and grading has been done (or after heavy 
storms) and the hard surface left by the steam roller 
permits the water falling on the surface of the road to 
run rapidly to the ditches. After a thorough system 
of drainage has been established along the highways, 
then is the time to use the stone crusher and place the 
crushed stone upon the road, because then it will not 
be wasted, but will give the continuous hard surface 
that it is expected to give. Stone, placed upon an un- 
drained road, sinks out of sight in the mud. Many a 
highway commissioner has only learned this after 
spending hundreds of dollars of the taxpayers’ money. 

The damming of the River Thames at London is be- 
ing considered by a royal commission. As there is a 
difference between high and low tide of 18 or 20 feet, 
all larger vessels must be handled in docks which can 
be closed by tidal gates. The object of the commission 
is to devise means for doing away with this inconveni- 
ence, and thus increasing the shipping facilities of the 
port. Among the plans presented is one for construct- 
ing a great dam across the Thames from Gravesend to 
Tilbury. This would convert the river into a great 
inland lake, extending from Gravesend to Richmond. 
At the point selected for the dam the river bed is of 
fine chalk, and the structure would give a navigable 
depth of 65 feet at Gravesend and 13 feet at London 
Bridge, without any dredging. The proposed dam 
would be made of concrete, granite-faced. The four 
locks would be 300, 500, 700 and 1,000 feet long and 
from 80 to 100 feet wide. The estimated cost is $18,- 
290,000. As all the docks could be left open, there 
would be an annual saving of $250,000 in the cost of 
operating the gates.—Iron Age. 

Prof. C. Bach has presented in the Zeitschrift des 
Vereines Deutscher Ingenieure the results of an elabo- 
rate series of tests of the strength of steel at high 
temperatures. Bars from three different works were 
tested, these being distinguished by the letiers 0, K, 
and M. Of the bars O, four were subjected to tensile 
tests at ordinary temperatures, and successive lots of 
four to tests at the temperatures 200, 300, 400, 500 
and 550 deg. C. At ordinary temperatures the strength 
of the steel was for bar No. 2, for example, 27 tons 
per square inch, the ultimate extension on a gage 
length of 8 inches 26.3 per cent and contraction of area 
46.9 per cent. The results of the tests showed that the 
strength increased up to 300 deg. C. by about 3.17 tons 
per square inch, and from this temperature onward 
the strength fell, roughly in proportion to the tempera- 
ture, to 13.1 tons per square inch at 550 deg. C. The 
ultimate extension decreased from 25.5 per cent at 
ordinary temperatures to 7.7 per cent at 200 deg. C., 
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from which again it rose to 39.5 per cent at 550 deg. C. 
The contraction of area also fell at 200 deg. C., but 
did not commence to rise until the temperature was 
above 300 deg. C. In the case of the bars from the 
works distinguished by the letters K and M, tests were 
made by keeping the loads on for a considerable time. 
This prolonging of the action of the load had no effect 
until the temperature reached 300 deg. C., at which 
point it caused a slight decrease of strength, and at 
400 and 500 deg. a greater decrease. As regards 
the effect of prolonged loading on the extension and 
contraction between the temperatures of 300 and 400 
deg. C. it caused an increase in both, but from 400 deg. 
C. the extension and contraction under prolonged load- 
ing decreased until at 500 deg. C, they were lower by 
from 20 to 25 per cent than with ordinary duration of 
test. Prof. Bach draws the conclusion from his inves- 
tigations that for steam boilers, piping, ete., the 
strength of steel should be tested at the higher tem- 
peratures; and he is of opinion that this conclusion 
is justified not only by his experiments, but from the 
well-known fact of the brittleness of steel when worked 
at a blue heat. 
ELECTRICAL NOTES. 

America leads in the utilization of electric power 
for the driving of textile mills. In a recent paper by 
Mr. Charles Robbins, the author points out that in 
1900 there was being used approximately 800,000 horse- 
power in 9814 per cent of the American cotton mills, 
while there are now electric motors aggregating 140.- 
000 horse-power in use. No doubt the antipathy on 
the part of British textile manufacturers to adopt this 
system has been due to the high charges for electrical 
energy. One manufacturer informed us recently that 
fo compare with an up-to-date steam plant electricity 
would have to be supplied at one halfpenny per unit. 
The charges ruling at the present time range from 
one penny upward per unit, so that it would appear 
that on the score of cost there is very little inducement 
to adopt electric driving. On the other hand, it is 
claimed for electricity that the mills turn out more 
work, and of a better quality, than those driven by 
mechanical means. 


The Damping of Condenser Circuits, Including a 
Spark Gap.—In a paper published in the Annalen der 
Physik, Prof. P. Drude states that for each condenser 
circuit, including a spark gap, there is a certain range 
of spark lengths, giving a minimal damping effect. 
Within this range of spark lengths, the decrement de- 
pends on the spark length hardly to any appreciable 
degree, being reduced to a value approximately identi- 
eal with any oscillation circuits (with very different 
capacities and self-inductions) provided the sparks be 
fed from an induction coil at the proper intensity, and 
the condenser be devoid of any hysteresis or brush dis- 
charge. The most suitable exciting condensers fufill- 
ing these conditions are metal plates in petroleum or 
other suitable oils, any direct connection of the oppo- 
sitely-charged metal plate by solid insulators being 
avoided. Zine electrodes show the smallest damping 
decrement, even after prolonged use without cleaning. 
Shortly after the cleaning, the activity of the sparks 
is increased to some degree. The integral effect of the 
exciting circuit in a resonance circuit is found first to 
increase and then to decrease with augmenting spark 
lengths, being enforced somewhat by intense feeding 
of the spark. The spark resistance as calculated from 
the decrement depends only to a very limited degree 
on the spark length, but to a very high extent on the 
capacity and self-induction of the circuit, decreasing 
with increasing figures. 

The most recent progress in the use of electricity 
on war vessels is represented by the electrical equip- 
ment which has been installed on board the battleship 
“Brunswick.” This vessel is one of the most power- 
ful units of the German war fleet. It has a displace- 
ment of over 14,000 tons and makes a speed of 18 
knots with its engines of 16,500 horse-power. Its 
artillery is composed of 4 rapid-firing guns of 28 centi- 
meters (11.2 inches), 12 of 8 centimeters (3.2 inches), 
12 of 8.8 centimeters (3.5 inches), and 12 of 3.7 centi- 
meters (1.1 inches), without counting 8 revolving 
guns and 6 torpedo tubes. The lighting of the whole 
ship is carried out by means of 1,100 incandescent 
lamps. The vessel has four great projectors, each one 
giving sixty-one million candle power, with glass re- 
flectors of 36 inches diameter. Two of these pro- 
jectors are lodged in the rigging. The two others, 
which are placed on the sides of the vessel, are pro- 
tected by an armored casing when not in use. The 
seventeen main electric ventilating fans in different 
parts of the ship take 65 horse-power, and 250 horse- 
power are needed for the motors which operate the 
fourteen hoists for ammunition and auxiliary appar- 
atus for the artillery, with the four coal elevators 
and the two large cranes for the boats. There are 
fifty-six electric motors of 520 horse-power total, for 
the repair shops, the ice-machines, and cooling ap- 
paratus, the water pump for baths, etc. Independent 
of the main fans there are a great number of small 
fans for the cabins and saloons. The signaling ap- 
paratus, furnished by Siemens & Halske, extends to 
all the maneuvers which are carried out on board. A 
complete wireless telegraphy post on the “Telefunken” 
system is installed. Current for the entire vessel is 
supplied from two dynamo rooms on board. Each of 
them contains a steam dynamo of 125 horse-power and 
a second of 90 horse-power. The lamps and signals 
which are indispensable in case of combat are con- 
nected so that they can be supplied from a large bat 
tery of accumulators. 
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SCIENCE NOTES 


Ata recent meeting of the Institut Genevois (Decem- 
ber 13) Dr. Th. Tommasina offered an interesting 
rommunication in connection with the “pyro-radio- 
activity,” that is, the radioactivity taken by heated 
bodies which he discovered In the course of some 
theoretical and philosophical considerations, Dr, Tom- 
masina points owt the relation existing between the 
radioactivity shown by bodies and the imperceptible 
links of the corpuscular elements constituting the body. 
While being apparently inert, a body is in reality the 
synthesis of the individual motions of these invisible 
particles, its immobility being only a seeming one, and 
resulting from the state of equilibrium that may arise 
between the never-ceasing movements of the particles 
of the body and those of the surrounding medium, The 
inertia of bodies is accordingly nothing else than a 
etate of restraint maintained by mechanical links. 
Radioactivity would then be the discontinuance of 
equilibrium between these links; and as from recent 
discoveries it would seem as though these links were 
of an electrical character, the inertia of bodies would 
also be an electrical phenomenon. The high bearing of 
this conclusion, allowing as it does of a novel theory 
of the constitution of matter, is self-evident. Dr. Tom- 
masina next describes the apparatus, experimental ar 
rangements, and methods used by himself for investi- 
gating the normal radioactivity of bodies, as well as 
their temporary radioactivity assumed on being 
heated (“pyro-radioactivity’) and which in turn gives 
rise to an induced or secondary activity 

The author thinks that by means of radioactivity 
we are likely eventually to discover the nature of 
chemical affinities as well as the origin of life, in vir- 
tue of an investigation of the radioactivity, character 
istic of living organisms, which Dr. Tommasina re- 
cently discovered with animals and plants 


Messrs. Delage and Legatu, of Paris, have obtained 
some interesting results by applying the microscopic 
method of research to the study of arable earth. They 
give the following account of their researches in a 
paper presented to the Académie des Sciences. Up to 
the present the analytical study of arable earth has 
been based first upon the mechanical separation of 
portions of more or less fine fragments by means of 
washings and siftings, or again by chemical separa- 
tion which allows us to determine the proportions of 
calcareous, silicious, organic portions and the quantities 
of certain elements known as fertilizers A finer 
analysis than this would be of great value to agron- 
omy as it would furnish a complete list of the mineral 
species which enter into the composition ot a given 
earth, Our researches which have been carried on for 
a year past have given a number ef interesting re- 
sults. We will only consider at present those which 
bear upon the alimentary conditions of arable earth as 
regards plant growth. Our method of observation con- 
sists essentially in preparing a thin layer of the fine 
part of the earth with parallel surfaces and in examin- 
ing this thin layer under the polarizing microscope 
and by paraliel rays, after the manner of rock speci- 
mens. The arable earth which is presented in the 
classic treatises as the result of a disaggregation and a 
decomposition of the essential minerals of rocks, is 
shown to us in a very conclusive manner as the sim- 
ple’ product of disaggregation. The minerals are in 
fact in the state in which they are found in the origi- 
nal rocks For instance, the feldspar is normal, as 
also the quartz; we find the micas, calcite, tourmaline, 
apatite, ete., in the same condition. They have not 
undergone decomposition nor localized corrosion. See- 
ing that the arable earth is thus to be likened to a 
rock simply reduced to powder, we are naturally 
brought to ask how the plants can live in it. Only 
one hypothesis seems to accord with our observations. 
It consists in admitting that all the chemical trans- 
formations of which the arable earth is the seat are 
the result of simple and direct solutions of its mineral 
constituents, which yield to different solvents, water for 
instance, in a very smal! but constant proportion, and 
thus give up the whole of their substance. We thus 
find that feldspar, mica, apatite, tale, calcite, dolomite, 
elec., are dissolved and these solutions, which leave the 
undissolved part of the minerals intact, are the prepar- 
atory and necessary act for the succeeding chemical 
reactions. This conclusion, which is to some extent 
made necessary by the state of the minerals in the 
arable earth, is in accord with what we know as to the 
solubility of finely pulverized minerals (referring es- 
pecially to M. Menier’s experiments) and as to the 
composition of potable waters, It accords remarkably 
with the recent conclusive experiments of Schloesing 
which liken assimilable substances to those which are 
dissolved in water. Outside of this general conception 
of arable earth, the microscopic observation in thin 
layers furnishes many data, as will be understood. It 
shows us quickly the great majority of elements which 
make up such earth. It reveals the natural combina- 
tions, that is, the minerals in which these elements 
are engaged, and once the species are given, we have 
ihen their characteristics and properties. The num- 
ber of elements thus brought out is very often greater 
than that which chemical analysis shows us, since the 
latter only seeks what seems to be of special] interest. 
The new method shows the origin of the minerals of 
the earth and the nature of the primitive eruptive 
or sedimentary rocks which furnished them. Lastly it 
affords such an important aid to agronomical study 
that henceforth it seems that all thorough researches 
upon arable earth should use the chemical and min- 
eralogical analyses together, as these will complete 
and elucidate each other in a very satisfactory way. 
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